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IMPORTANT NOTICE 
Texas Instruments reserves the right to make changes at any time 
in order to improve design and to supply the best product possible. 


Tl cannot assume any responsibility for any circuits shown or represent 
that they are free from patent infringement. 


Information contained herein supersedes data published in The TTL 
Data Book, Volume 3, 1984, SDADOO1A. 


Copyright © 1984, Texas Instruments Incorporated 


INTRODUCTION 


This supplement is provided to complete the detailed specifications on 51 new Advanced Low-Power Schottky f 
(ALS) and Advanced Schottky? (AS) functions. Included in these recent announcements are: 


@ 10 gates in standard, buffer, and driver options 


@ 21 bus-interface devices including octal, 9-bit, and 10-bit bus buffers/drivers, transceivers, and registers 
with varying output designs 


@ 20 LSI and complex functions wih single-chip design solutions 
Also, 29 of these 51 new functions are pin-for-pin equivalents for LS and S products. 


This supplement also includes a general ALS/AS applications note which provides additional detailed information 
to aid the system designer in achieving the highest levels of performance and cost-effectiveness with Tl’s 
products. 


Additionally, this supplement provides: 


@ Complete errata for The TTL Data Book, Volume 3, 1984 (SDADOO1A). The errata contains corrections 
that have been made on the pages which are reprinted in this supplement. Please note or reference 
them in your Volume 3. 

@ Complete functional index for all Tt bipolar digital devices available or under development. All-logic 
technologies (TTL, LS, S, ALS, and AS), field programmable logic, programmable read-only memories, 
and bipolar complex LSI are included. 


Please ensure that routine references to TI’s data books include monitoring the current supplements and errata 
for updated information. 


tintegrated Schottky-Barrier diode-clamped transistor is patented by Texas Instruments, U.S. Patent Number 3,463,975. ° 
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GATES AND INVERTERS 


POSITIVE-NAND GATES AND INVERTERS POSITIVE-AND GATES WITH OPEN-COLLECTOR OUTPUTS 


TECHNOLOGY 
STD 
OESCRIPTION VOLUME DESCRIPTION 
Hex 2-1 t y 3 
asia desis wok estes 


Quadruple 2-Input Gates 
Triple 3-Input Gates 


Dual 4-Input Gates 
8-Input Gates 


13-Input Gates 


Triple 3-Input Gates 


DESCRIPTION 


Quadruple 2-Input Gates 


Triple 4-Input OR/NOR 


TECHNOLOGY 
STO 
DESCRIPTION TYPE TT ALS LS VOLUME 





['1004 | 
i 
[1000 | 
| 0 
[1010 | 
es 
=| 
ES 





4 
cr 





Dual 2-Input Gates 





[ex 2inpur Gates «dt ws |e 


Quadruple 2-Input Gates 


og ee a 
rf efef {| Tt 3 

[Boal atop Gates wih Soe] Se PT PP 

fousrsimpurcews | 260 | | 1 11 le 






DESCRIPTION 


Hex Inverters 


Quadruple 2-Input Gates Poo ft ppp je; 2 | 
a 


|e | 
es 
ame 


TECHNOLOGY 
STD 
DESCRIPTION ALS Ls VOLUME 
TTL 
3 


Hex 2-Input Gates 


Quadruple 2-Input Gates 


Triple 3-lnput Gates 







Triple 3-Input Gates 






GENERAL INFORMATION fen 





3S 





Dual 4-input Gates 


Triple 4Input AND/NAND 





we 
[ef 2 
eae 
i 
fe[ 2 
[| 3s] 
a ae 
nee 
Lj 3 
= 






DESCRIPTION 
Inverting and Noninverting Elements, 31 
2-input NAND Buffers : 





® Denotes available technology. 

4A Denotes planned new products. 

A Denotes ‘’A”’ suffix version available in the technology indicated. 
B Denotes ‘’B’’ suffix version available in the technology indicated. 
S Denotes supplement to data book. 
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GATES, EXPANDERS, BUFFERS, DRIVERS, AND TRANSCEIVERS 


AND-OR-INVERT GATES GATES, BUFFERS, DRIVERS, AND BUS TRANSCEIVERS 


TECHNOLOGY WITH 3-STATE OUTPUTS 
DESCRIPTION TYPE 
DESCRIPTION 


[55 | 
fewise 47-32 mot [6 
[4:Wide 2:2:3-2 input 54 | 
[| ‘84 | 
[54 | 
| ‘51 | 














4-Wide 2-Input 
4-Wide 2-3-3-2 input 
Dual 2-Wide 2-Input 


ANO-OR-INVERT GATES WITH OPEN-COLLECTOR OUTPUTS 


[TECHNOLOGY | 
= re [|e ne 


4-Wide 4-2-3-2-Input | es] {| | je] 


EXPANDABLE GATES 


[Ss TECHNOLOGY sé 
STO 
DESCRIPTION TYPE See VOLUME 
Dual 4-Input Positive-NOR 
With Strobe 


4-Wide AND-OR | ‘s2] ie a 
[4-Wide AND-OR-INVERT ss | 53] @ | [| tel | | 
[2-Wide AND-OR-INVERT ——ss| 55] | S| SP @ 1 fo] 
[Dual 2-Wige AND-ORINVERT | ~sote || le] 1] 












Noninverting 
Octal Buffers/Drivers 























Inverting Octal 
Buffers/Drivers 










Inverting and Noninverting 
Octal Buffers/Drivers 





















pe dertis ec | 
——— ee Tel] oe eS aera 
$10 at tt 

DESCRIPTION TYPE VOLUME 
frm [as [os | ae ete 
Dual 4-Input Peofe {| Noninverting Pfaff ts 
Triple 3-input ee Hex Buffers/Drivers | Pe [a 











BUFFER AND INTERFACE GATES WITH OPEN-COLLECTOR OUTPUTS 


[ TECHNOLOGY | 
RIP 
DESCRIPTION TYPE at letee lowe VOLUME 


Bune ae ee 


Hex Inverter 










3-2-2-3-Input AND-OR 





Inverting 
Hex Buffers/Drivers 





NOILVINHOANI 1VYSNA9 e 


Quad Buffers/Drivers 
with Independent 
Output Controts 


[_ fat | 
[ize Le | | 
| 425 | |_| 
pet tT tT tf 
Noninverting 
Quad Transceivers ° 
ier 








Inverting 
Quad Transceivers 


Quad Transceivers with Storage 


]12-InputNAND Gates ]12-InputNAND Gates NAND Gate 
Controller and Bus Driver 
for BO80A System 


50-OHM/75-OHM LINE DRIVERS \ 


| TECHNOLOGY _| 
Caren 
DESCRIPTION TYPE ALS VOLUME 


Hex 2-Input Positive-NANO 1 ee 

ioe eee oT ae Oe 
[Hex 2-nput Positive AND | oa] |e |a |_| 
Hex 2-Input Positive-OR f‘s32] [efa |] | 
Quad 2-Input Positive-NOR lize} e@ | {|  f{ | 


Inverting Octal Dual 4-input Positive-NAND a 
Buffers/ 
uirere/bewvers CF Denotes Contact Factory 
Inverting and Noninverting @ Denotes available technology. 
Octal Suffers/Drivers A Denotes planned new products. 
Noninverting Quad Transceivers 4 Denotes very low power. 


‘758 A Denotes “‘A’’ suffix version available in the technology indicated. 
: S Denotes supplement to data book. 




















TECHNOLOGY 
sto 
DESCRIPTION TYPE af OEE VOLUME 
red 


Noninverting 
Octal Buffers/Drivers 

















eo TEXAS wy 
INSTRUMENTS 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


34 


FUNCTIONAL INDEX 





: BUFFERS, DRIVERS, TRANSCEIVERS, AND CLOCK GENERATORS 


BUFFERS, CLOCK/MEMORY DRIVERS 































: 
stp 
— roe | = [uslas]n feo] s| 
| Hex 2-Input Positivenano_ [soa [| e [a [ [| | 
Hex 2-input PosiwenoR | “aos |e Ja] |] 
|_Hex 2-input Positive-AND [ada [Te [aT TT 
Hex Znput Postive-oR | asa] |e Ja} |_|] 
[Hex inverter | tooa] [|e] |_| 
i cee get psa faa eT TT 
[ose [to fet TT 
| 7 Pe ft ft fete} 2 
Quad 2-Input Positive-NAND H—j2+ t+ +4 os | 
[roo [fa oT TT 
|e PP tt 
Quad 2-Input Positive-NOR ert A tt HY 
fiio36 [Te TP TT 
| aued Boput ostiveand | vooa| | ate} || 
[uaa ZinputPostive-oR [1032] J aye| | || 3 
[Tinie S-input Positvenand | “vo10 | | a] } | | 
[Triple 3-input Positive AND [J ‘soir [| AT | | 
[Triple 4nput AND-NAND | eoo| | [a|-| | 
[Triple 4inpuronNoR ] oz] | [a] | 1 
ery et eee 
Dual 4-Input Positive-NAND (| =—hof aT Los | 
Jivozo [aA TT = 
jeosecroamoanace | | {| tte} a 
with Series Damping Resistor 2 
[_Line Driver/Memory Driver [ ‘437 [ [| dT TCT | 
















TPE 

OF 
Bmcco 
|_Quad with Bit Direction [State | ‘aae [| | fe | | 
[conrols_——=s~S~SC*~C~‘~dtC tate fs | i dd 
foc faao ft f fel | 
| oc [ass f tT et 
aes asta [az] | fe] 
Quad Tridirectian [ sStare | aaa} | fel 
| sState [44a fT et 
| oc jase] of fel 
sState {226 [ | fe 
Controller and Bus Driver for 8080A Systems | ‘428 | {[ [ fel 











DESCRIPTION 


inverting Outputs, 3-State 
True Outputs, 3-State 


DESCRIPTION TYPE 
. inverting Outputs "746 
Input Resistors 7 7 
Noninverting Outputs 
Inverting Outputs ‘2540 
Output Resistors _ ‘ £ ual 
Noninverting Outputs 


@ Denotes available technology. 
A Denotes planned new products. 
















A Denotes ‘'‘A” suffix version available in the technology indicated. 


S Denotes supplement to data book. 


OCTAL BI-/TRI-DIRECTIONAL BUS TRANSCEIVERS 




















TYPE TECHNOL! 
DESCRIPTION oF TYPE as | a 
OUTPUT 
pA | a] 
Reo as cen 
ee ee 
- Ge ER 
12 mA/24 mMA/48 MA/64 MA Power Pale] 
Sink, True Outputs OC, 3-State | sso FAT 
Beale acd a ae 
Pad cal 
Socios 
= SSS 
Power 
Foc. asta [1620] a | 
patet [3s 
ssw | oe ee 
3 
jf fe 
12 mA/24 MA/S8 MA/64 mA Low 
Sink, Inverting Outputs Power joc. sstne | a8 PY 






3-State 


OC, 3-State 


ae 
[sae eo a | 
iY oc ier oa 

[oc asiae [ies | at |] 






Very Low 



















Pa] 

Low | | tefl 2 | 

12 mA/24 mA/48 mA/6G4 mA] Power Falojf {| 3 | 
Sink, True Outputs ee ee Eo ee 










Verytow | oc fteas | af | 
romee | aswe [rest af | 








pajel | 
Low pot et 2 
12 MA/24 MA/4B MA/E4 MA Power pate} | 3 
Sink, inverting Outputs } ft fet 2 
Very Low [-resof aj | | 






Power 






12 MA/24 mA/48 mMA/E4 MA 
Sink, True and 







inverting Outputs 


Registered with Multiplex 
12 mA/24 MA/4B MA/64 MA 
True Outputs 












Registered with Muitiptexed 
12 mMA/24 MA/4B MA/64 MA 


inverting Outputs 


Universal Transceiver/ 
Port Controliers 
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FUNCTIONAL INDEX 





FLIP-FLOPS 


DUAL AND SINGLE FLIP-FLOPS 


DESCRIPTION 















TECHNOL 


° 
~< 


G 


STO 


TYP VOLUME 






o/s 
@lolala} m 


fo} 
x 























QUAD AND HEX FLIP-FLOPS 


DESCRIPTION 














me [as[n] efes[s| ume 
TTL 
ed a ae ae 
A F3| 
a a 
Py et TT 
Pee ede eT 
a a | 3s 
Dual J-K Edge-Triggered [toa | [| Te] TT 
jroo fet} ft At 
Pte fet | T ty 
jie Ft Lo] 
PF fa fat [ 7 Tf 
ps F-} [el 
2 lO me 
je Pf ttt At DESCRIPTION airs | OUTPUT | TYPE re [ats] as] is] s | 
A 
Sree gore a ee Sigssvsae 
Sea He ceoeteaowes Poort ft tet + meas SEEN SH 
a eet OCH a fete} os | 
pe fet test tS Fe 2d Sr ec 
| welel | |_| 
Oual Pulse-Triggered poled et True Data with Clear ‘s75] [| efef | | 
° sie pore] Pepe t 
ete foot, Pasae [ame] pepe tT 
: PIC a a LZ OO OS 
Scadieeees,.- Lazpe = Vs [ele ede 2 a 
page fe ft} ft = 
[tos pe tT Inverting [ ssuate [sea Tet tt 
Saas OO | piswe Pert peter 
Lockout averting with Cea | with Clear Fon Foes pert te Le 
Single J-K with Data [ova ee 
eee dt eemeamre| oom | sue fort Te Pel 
a fot tet A ett Piavering eat [ase 326 J at 
[Tue | Bit | 3State [823] | AT 
9-Bit a Es oe ae ae ee 
[Tue i 10-bit] 3-State | e217 | et | 
Livening prose | Sse Pere] | Tet 
@ Denotes available technology. 
A Denotes planned new products. 
A Denotes ‘‘A”’ suffix version available in the technology indicated. 
B Denotes ‘'B”’ suffix version available in the technology indicated. 
S Denotes supplement to data book. 
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FUNCTIONAL INDEX — 





LATCHES AND MULTIVIBRATORS 


QUAD LATCHES OCTAL, 9-BIT, AND 10-8IT LATCHES 

























MONOSTABLE MULTIVIBRATORS WITH SCHMITT-TRIGGER INPUTS 


TECHNOLOGY 
STD 
DESCRIPTION TYPE TTL ALS us VOLUME 






Octal 991 
Transparent Noninverting 9-Bit 992 
10-Bit "994 
Transparent with Clear 
Octal 
True Outputs 
Transparent with Clear 
eel Octal | ‘667 
Inverting Outputs 





DESCRIPTION OUTPUT DESCRIPTION NO.OF OUTPUT | TYPE = ats] aslis| 5 VOLUME 
BITS TTL 
Transparent 3-State [| ele 
1 octal 
sh Sse ransparent cta'! r[ele|l |_| p 
ares Bae Paste |s7a}{elel |_| 
cau P2siaefsoofe {| | | || 
. octat [2state[rie[e | | | if | 
ere [sstaeja7at |elel | | 
Betas Eee [ sStere | s33{ {elef |_| 
teosesig reancoeat -sStare | sea] |e] | |_| 
Psseefseol telel ||] 3 | jamuumm 
Single Dual 4-Bit ENE re ean a, ee 
[ “422 | Inverting Transparent sa ats 1: me 
fw Pastare | eos] || lel | ae 
= rroamucon | om Fate tT, |o 
o-TvPE foc |eo7{ | | [el Oo 
OCTAL, 9-BIT, AND 10-BiIT RAD-BACK LATCHES facressave | octat | 2st | sa F*@ TT Renal 
amare RET Be | BE PREP eT y; 
arate No. oF | 1, [wwe ——«d; Octal | SStare | eas] [altel] | | 
airs averting | Octal_| 3State | eas] |atal |_| Ss 
Edge Triggered invering | ftweSSs—=~idC BR | State | eas] Tafel |] 
and Notinieiting se inverting. | obit | 3Stae| eae] [aje| | | oc 
Saar] 7990 ftwe—SSC=*d 1B | SStare [esi | [allel | | © 
tianbosisarnnué a-eit | ‘992 [inverting 10.82 | astare | saz] [ale] | | LL. 
10-Bit ‘994 % za 
: — 
= 
Lu 
oO 


CF Denotes contact factory. 

@ Denotes available technology. 

A Denotes planned new products. 

S Denotes supplement to data book. 
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FUNCTIONAL INDEX 





REGISTERS 


SHIFT REGISTERS SIGN-PROTECTED REGISTERS 


DESCRIPTION 


Sign-Protected Register 


DESCRIPTION OUTPUT | TYPE 


DESCRIPTION 


it~] 


VOLUME 


40 
344 
2 


| Sign-Protected | Protected 
Parallel-In, 


Parallel-Out, 


Bidirectional 


8 Words x 2 Bits 


4 Words x 4 Bits eat 
Oual 16 Words x 4 Bits 


TECHNOLOGY 
STD 
DESCRIPTION TYPE 
TTL 


Quadruple Multiplexers 


Parallel-In, 
Paralle!-Out, 
Registered 


a o ! 
7 n 3 
oy nN m 


Outputs 








wo 
n 


Parallel In, 
Parallel-Out 






with Storage 


on) 
an 
[| 
po 
od 
‘299 
Registers 
aes 


nS a/= 
© oon ee 
a roe es) 





Quadruple Bus-Buffer 
173 
Registers 


Octal Storage Register 


> 

; 

a 
PEABO ERR Bes 





Seriat-In [v6 [xt | 
et ee a= retin dette | 
Ee eee eee 


Parallel-In, | | x 
Serial-Out 





Serial-In, 
Serial-Out 


NO. 
DESCRIPTION OF TYPE 
BITS 
Paraltel-In, Parallel-Out 
with Output Latches ‘67 
[Butterea [508 
| 95 | 
[ '596 | 
| '599 | 


Parallel-tn, Serial-Out, ee Ce 
with Input Latches | 3-State | ‘589 | 
Parallet 1/0 Ports with pe | jo 





G) 
m 
2 
m 
J 
> 
- 
2 
Tl 
O 
Pe) 
Ss 
> 
4 
Oo 
a 












Ni|= 


Serial-In, Parallel-Out 
with Output Latches 


Input Latches, Multiplexed 
Serial tnputs 





® Denotes available technology. 

A Denotes planned new products. 

A Denotes ‘‘A’’ suffix version available in the technology indicated. 
B Denotes ‘‘B’”’ suffix version available in the technology indicated. 
S Denotes supplement to data book. 
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FUNCTIONAL INDEX 





COUNTERS 


SYNCHRONOUS COUNTERS — POSITIVE-EDGE TRIGGERED ASYNCHRONOUS COUNTERS (RIPPLE CLOCK} — NEGATIVE-EDGE TRIGGERED 


TECHNOLOGY 
DESCRIPTION PARALED TYPE] STD VOLUME 


Dual Decade 


Dual 4 Bit Binary 





TECHNOLOGY 
PARALLEL chNores 


DESCRIPTION YPE TD 
oo Te [esd 


VOLUME 





wo 
n 


ae 560] — 
[Sime [sea] [| 





























Decade Rate 
Multipler, 


DESCRIPTION 
OUTPUT 
3-State 





Parallel Register 
Outputs 


Ww 
2 








Paraltel Register Inputs 2-State 
Parallel 1/0 3-State 





w 
n 


re 





4-Bit Binary 





FREQUENCY DIVIDERS, RATE MULTIPLIERS 


TECHNOLOGY 
DESCRIPTION TYPE ee | ass| [as [us| VOLUME 
“56 


[50-to-1 Frequency Divider | to-1 [50-to-1 Frequency Divider | Divider aes ee ee 


; Ee | , 


60-to-1 Frequency Divider 
60-Bit Binary Rate Multiplier: 


4-Bit Binary 
Up/Down 


nN 








GENERAL INFORMATION fj 


6-Bit Binary 
Rate Multipler, 





8 Bit Up/Down 








® Denotes available technology. 

A Denotes planned new products. 

A Denotes *’A’’ suffix version available in the technology indicated. 
B Denotes ‘‘B”’ suffix version available in the technology indicated. 
S Denotes supplement to data book. 
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FUNCTIONAL INDEX 





DECODERS, ENCODERS, DATA SELECTORS/MULTIPLEXERS AND SHIFTERS 


DATA SELECTORS/MULTIPLEXERS DECODERS/DEMULTIPLEXERS 


pis TECHNOLOGY 
DESCRIPTION TYPE} STD VOLUME 
gavin a 





_ | __TecHNotocy _—i| 
DESCRIPTION TYPE | STD Ls VOLUME 
OUTPUT TTL 



























eecoa a el se eee rae 
Pactate. | PE ee 
oe eee *| & [rrovescreoma Fee Perl a [| T 
ee mee 
[eareter fesuw Poste fe " Decimal 
awe [oo Tt fa | | [el 
3S To-Decimal 
[2stae ['isz2] a | | | [el | oak facies [fe lal | ea 
fast fas Ft ait lr Tetal—] 
mi saa psp pte tp - eee ae 
‘ 3-State 
| ee cae ieee Ce a 
|sstae [ase] | | | jel | .2 P| fat ee 
%. [oc [357] ST CT CT Ce J PT vale | 
pam fbb | [oven mag 
; | | | cfm je] 2 re {| {| { | 
3-S ‘253 
va a oe eee Barwcaa [3 | 
Cee es ee 
2-Stat 
ESS Ee) mest cra ee 
=| ete ep 
[aster [ooat || | fej] eee ee 
Octal 2-To-1 with Storage eee feel TTT Pt 2 8 tine:BCD to 6-Line Binary, Or 4-Line to 4-Line 
BCD 9’s/BCD 10’s Converters 
pets 6-Bit-Binary to 6-Bit BCD Converters 
fem fat fet BCD-to-Binary Converters 
2 






Binary-to-BCD Converters 


[TECHNOLOGY _ | 
DESCRIPTI D Vv 
SCRIPTION TYPE rat pete OLUME 





Quad 2-To-1 with Storage 





Sai peep 
aeee (oie (i kee ee ee 
ae ee 






G) 
m 
2 
m 
J 
> 
- 
z 
"Tl 
Oo 
") 
s 
> 
4 
Oo 
2 


2-Stat 
Quad 2-Tot ae [te tet Ts] [ruraco 
astae |2e7_ |_| | Tete | 2 | | cascadable octal 
[  [efe{| { [| [ 3 | Cascadable Octal with 3-State Outputs 





4-Bit Cascadable with Registers pet tT 


SHIFTERS 


| __—sTECHNOLOGY — 
DESCRIPTION OUTPUT | TYPE VOLUME 
eu ele ey 


3State_| 350 





‘9 oa ok EB smd S| 


Lee Te I 
6-to-1 Universal 
3-State | ‘857 





Parallel 16-Bit 
Multi-Mode 3-State 
Barrel Shifter 


® Denotes available technology. 

A Denotes planned new products. 

A Denotes ‘‘A”’ suffix version available in the technology indicated. 
B Denotes ‘’B’’ suffix version available in the tecnnology indicated. 


S Denotes supplement to data book. 
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DISPLAY DECODERS/DRIVERS, MEMORY/MICROPROCESS 


FUNCTIONAL INDEX 





Sy SETAE 


OR CONTROLLERS, 





ESTST ors apna 


AND VOLTAGE-CONTROLLED OSCILLATORS 


OPEN-COLLECTOR DISPLAY DECODERS /DRIVERS 


OFF-STATE TECHNOLOGY 
DESCRIPTION OUTPUT | TYPE | STD 
VOLTAGE TTL 


| E 
re 
oO 


System Controller, Universal 


MEMORY/MICROPROCESSOR CONTROLLERS 


DESCRIPTION TYP 


System Controllers For 8080A ‘428 


TECHNOLOGY 


VOLUME 


H 


System Controllers, Universal (or For 888} "89 


BCD-To-Decimal 
Transparent, 
Memory 
Refi h 
res 
Cycle Steal, 
Burst Modes 
Memory Cycle Controller ‘608 


a 
oc 
Memory Mappers 3-State 
With Output Latches oc 


Multi-Mode Latches (8080A Applications) 


Controllers 


ao 
> 
od 
w 


oO 
w 


BCD-To-Seven-Segment 





CLOCK GENERATOR CIRCUITS 





DESCRIPTION 


BCD Counter/4-Bit Latch/BCD-To-Decimal 
A “142 
Decoder/Driver 


BCD Counter/4-Bit 
Latch/BCD-To-Seven-Segment 
Decoder/tad Driver 

BCD Counter/4-Bit 
Latch/BCD-To-Seven-Segment : 
Decoder/Lamp Driver 


TECHNOLOGY 
TYPE 


Crystal-Controlled Oscillators 
Digital Phase-Lock Loop i ; | 
Programmable Frequency 
[Swinapgiutnen [ase 
[Triple &input ORINOR Drivers {802 |__| 


Dua! VCO 





0 1 2 3°44 5 6 7 8 9 10 #11 #12 #13 «14 


RESULTANT DISPLAYS USING ‘246, ‘247, ‘248, ‘249, ‘LS247, ‘LS248, ‘LS249, ‘LS447 


to] de] SIAVStSt Pelle JaITe fe 
12 #13 «14 


= 
o 1 2 3 4 6 6 7 8 8 0 11 
RESULTANT DISPLAYS USING ‘143, ‘144 


4 a 
fo) te SASF tes) 
0 6 7 8 i] 


1 2 3 4 5 


@ Denotes available technology. 
A Denotes planned new products. 
A Denotes ‘‘A” suffix version available in the technology indicated. 


“ais SS SEAN REO ad SS a ee ee 
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FUNCTIONAL INDEX 





COMPARATORS AND ERROR DETECTION CIRCUITS 


4-BIT COMPARATORS PARITY GENERATORS/CHECKERS, 


[__bescription —— [__tecunotocy si 
OUTPUT | TYPE | STD VOLUME 
P>Q | P<Q | OUTPUT ALS Ls 
ENABLE TTL 


ERROR DETECTION AND CORRECTION CIRCUITS 





ero 


BCA BC GE De 2 a Ce 


8-BIT COMPARATORS 


4 
4 


OddrEven Parity 


DESCRIPTION | TECHNOLOGY | Generators/Checkers 
Fe ee 
INPUTS P>Q)P>Q | OUTPUT ALS 
ENABLE 
[yes [No | no [ wo [oc | ves [sre | 
Xs PD [ee eee [Po PTI 
Pull-Up eae eee Parallel Error 


Detection/Correction 
Circuits 


o o o 
@ ~ a 
w ~~ ~ 


Standard 


DESCRIPTION sTD 


16-Bit Identity Comparator 
12-Bit identity Comparator 


8-Bit Identity Comparator 527 
and 4-Bit Comparator 


16-Bit to 4-Bit 


12-Bit to 4-Bit 





ee 
ves es [ef 


®@ Denotes available technology. 
A Denotes planned new products. 
S Denotes supplement to data book. 
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FUNCTIONAL INDEX 





ARITHMETIC CIRCUITS AND PROCESSOR ELEMENTS 


PARALLEL BINARY ADDERS - OTHER ARITHMETIC OPERATORS 


DESCRIPTION 


1-Bit Gated 


TECHNOLOGY 
sto 
DESCRIPTION TYPE 


Quad 2-Input Exclusive-OR 

Gates with Totem-Pole 

Outputs 

Quad 2-Input Exclusive-OR 

Gates with Open-Collector 

Outputs 

ACCUMULATORS, ARITHMETIC LOGIC UNITS, Quad 2-Input Exclusive- 
LOOK-AHEAD CARRY GENERATORS NOR Gates 

Quad 2-Input Exclusive-NOR 

Gates with Open-Collector 

Outputs 

Quad Exclusive OR/NOR 

4-Bit parallel Binary Accumulators Gates 

4-Bit True/Complement, 

Element © 


Dual 1-Bit Carry-Save 








DESCRIPTION 





2 


4-Bit Arithmetic Logic Units/ 
Function Generators 


Look-Ahead Carry 8-Bit-Slice 
Generators 3 


Quad Serial Adder/Subtractor : 
4-Bit Slice Elements 
8-Bit Stice Elements 


MULTIPLIERS 


TECHNOLOGY 
DESCRIPTION 
re es 


[zacbya arpa Binoy Mutipies [2erf | | [e | _ 
f‘27af tt te 
4-Bit-by-4-Bit Parallel Binary Multipliers | 28a] @ | | 


| 25-MHz 6-Bit Binary Rate Multipliers | ‘97[ @ | | 
[Ze Mie Decode Rate Mutipiers | ve7]e |_| 
[ea x 1.62% Complement Munipiers | “36a[ | | [* | 
[Teen Paral Murioier ———=—=—=sveve] [af | [| 4 

















GENERAL INFORMATION (iis 


















® Denotes available technology. 
A Denotes planned new products. 


A Denotes ‘’A”’ suffix version available in the technology indicated. 
S Denotes supplement to data book. 
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FUNCTIONAL INDEX 





MEMORIES 


USER-PROGRAMMABLE READ-ONLY MEMORIES (PROM‘s) READ-ONLY MEMORIES (ROM’s) ~ 


STANDARD PROM‘s A 
TECHNOLOGY 
TYPE DESCRIPTION ORGANIZATION sto VOLUME 
CRIPTION PE RGANIZATION VOLUME 
= Ze [> pom Fens 


TBP28S166 2048W x 8B | 3-State | @ | 
TBP38S165 2048w x 8B | 3-State | a_| 
16K-Bit Arrays 









1024-Bit Arrays 
256-Bit Arrays 





TBP38S166 2048wW x 8B | 3-State | a | 
Tep3ssaies | 204awx as | oc | a | 
TBP38sAies | 2048ew x 8B | oc [a | 


TBP24S81 204ew x 4B | 3-State | © | 
TBP24SA81 20aaw x 4B | oc |e | 
8K-Bit Arrays 


RANDOM-ACCESS READ-WRITE MEMORIES (RAM's)} 


TYPE TECHNOLOGY 
DESCRIPTION ORGANIZATION OF TYPE | STO VOLUME 
OUTPUT TTL 
Cee Bete arora rie as ae 
Pf yt 


64-Bit Arrays 


16-Bit Multipie-Port 
Register File 


16-Bit Register File 












[repzesasa | tozaw x ea | awe [a | 
raraeseea | s02aw x08 | 3Stae [0] 
[rep2asasea | rozaw-x ea | oc |e | 


TBP24S41 to2zaw x 48 | 3-State_| 
TBP24SA41 1024W x 48 
4K-8lt Arrays 2 cs xe 












re 
re 

Pe] 

rrepzesaa? | siaw x e8_| oc |e | 

[repzasas | s12W x e8 | Sst |e | 

| Tep2esaae | Si2wxee | oc |e | 

Peeve Peaasto | seow aaa Teens Le 
[repzasaio—| 256a x48] oc |e 

[retaso30 | saw x ea _| astare | © | 

ase-ai areye [TBPN8SA0I | saw x88 | oc |e | 
[reraasoso | saw x68 | astate | a | 
[tnpsasao30 | saw x ea] oc [a | 




















LOW-POWER PROM’s FIRST-IN FIRST-OUT MEMORIES (FIFO’S) 
T¥PE 
Pecos [vm fowmenen [are [> frm] favor || anlfnf |om 
. OUTPUT 
[Tepzeci6o | 20aew x ea | 3-stae | e | oe eee PET OTT Te 
16K-Bit Arrays [TBPseL16s | 2048w x 8B | 3-Stare [a _| lastae | 22211 Tel | 
[ra361166 | 204aw x 68 | 3State | a_| eet 
[Tepze.esa | 1ozaw x ea | 3stae | a_| 16 Words x 4 Bits of 
SKB Arrays [Tepzeeea | tozaw x 85 | 3State |e | = 


| aks avoys [Ueezet2 _|_Siz = 88_f SS | 
|tepzera6 | s1z2w x 88 | 3-State | @ | 

eau ava /teh26i22 | asew x 0a | 3-Stae |e | 
| TeP2sLA22_| 25ew x es | oc |e | 

[ zseerAvave [TaPse.0s0 | sew 08 | sue [a | 


64 Words x 4 Bits 





NOILVINYOANI 1VYSN45 Bee 


®@ Denotes available technology. 

A Denotes planned new products. 

A Denotes ‘‘A’’ suffix version available in the technology indicated. 
B Denotes ‘‘B”’ suffix version available in the technology indicated. 
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FUNCTIONAL INDEX 





PROGRAMMABLE LOGIC ARRAYS 


PROGRAMMABLE LOGIC ARRAYS 


Impact PAL® 


High-Performance PAL® 





Half-Power PAL* 
High-Performance PAL* 
Halt-Power PAL® 
Exctusive-OR PAL® 
Exclusive-OR PAL* 
Registered-input PAL* 
Registered-Input PAL* 
Latchad-Input PAL*® 


Latched-Input PAL* 


Field-Programmable 
14x 326 Logic Arrays 























OUTPUTS 
TYPE 


“PALIGLE-15 


‘PALI6R4-15 
Registered { ‘PAL16R6-15 
“PAL16R8-15 


‘PALIGLEA 


‘PALIGR4A 
Registered | ‘PAL16R6A 
“PALI6R8A 


“PALIGLBA-2 


"PALIGR4A-2 
Registered | ‘PALI6R6A-2 
*PAL16RBA-2 


"PALZOLBA 


"PAL2OR4A 
Registered | ‘PAL20R6A 
‘PAL20R8A 


‘PAL20R4A-2 
Registered | ‘PAL20R6A-2 
‘PAL20R8A-2 


“PAL20L10-20 


“PAL20X4-20 
Registered | ‘PAL20X8-20 
*PAL20X10-20 


“PAL20L10-35 


*PAL20X4-35 
Registered | ‘PAL20X8-35 
“PAL20X10-35 


“PALR1 918-25 


"PALATSR4-25 

Registered | ‘PALA19R6-25 
“PALR19R8-25 

‘PALR19L8-40 


‘PALR19R4-40 
Registered | ‘PALR1SR6-40 
“PALR19R8-40 


*PALT19L8-25 


“PALT19R4-25 

Registered | ‘PALT19R6-25 
a= “PALT19R8-25 
“PALT19L8-40 


*PALT19R4-40 
Registered | ‘PALT19A6-40 
‘PALT19R8-40 


[asia [aso 











GENERAL INFORMATION fee 


“PAL is a registered trademark of Monolithic Memories Incorporated. 


®@ Denotes available technology. 
A Denotes planned new products. 
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Vv 


2-27 and 
2-28 


2-31 and 
2-32 





REVISIONS 





Revisions to the TTL Data Book, Volume 3, 1984 


DATA SHEET 


Third paragraph, second line | The word ‘‘connection’’ to correction. 
‘ALS10 Revised to ‘ALS10A. Data sheet printed in the Supplement 
; to the TTL Data Book, Volume 3, 1984. 
‘ALS11 Revised to ‘ALS11A. Data sheet printed in the Supplement 
to the TTL Data Book, Volume 3, 1984. 




































































GENERAL INFORMATION (gal 


2-35 and “ALS12 Revised to ‘ALS12A. Data sheet printed in the Supplement 
2-36 to the TTL Data Book, Volume 3, 1984. 
2-47 and ‘ALS22A Revised to ‘ALS22B. Data sheet printed in the Supplement 
2-48 to the TTL Data Book, Volume 3, 1984. 
2-55 and ‘ALS30 Revised to ‘ALS30A. Data sheet printed in the Supplement 
2-56 to the TTL Data Book, Volume 3, 1984. 
2-69 and ‘ALS35 Production released. Data sheet printed in the Supplement 
2-70 . to the TTL Data Book, Volume 3, 1984. 
2-77 and ‘ALS74 Revised to ‘ALS74A. Data sheet printed in the Supplement 
2-78 to the TTL Data Book, Volume 3, 1984. 
2-79 electrical characteristics: lj} and l|_ parameters tothe «| 
following: 
q- 
PRE or Gen | he Et a0] 40} * 
| -0.5| 0.5) 
We S77 “Veco = 5B V, Vy = 0.4 V mA 
PE cn ea 
2-81 and ‘ALS86 Production released. Data sheet printed in the Supplement 
2-82 to the TTL Data Book, Volume 3, 1984. 
2-83 and ‘AS95 Production released. Data sheet printed in the Supplement 
2-84 to the TTL Data Book, Volume 3, 1984. 
2-87 and ‘ALS109 Revised to ‘ALS109A. Data sheet printed in the Supplement 
2-88 . to the TTL Data Book, Volume 3, 1984. 
2-89 “AS109 electrical characteristics: ||} and |||, parameter to the 
following: 
| ! 
| PRE or CUR | “CC 7 PP Os ET ao ao] * 
ig Pete OER ye way vy a omy laos Ol 
| PRE or CUR | OCC TE Lets =] " 
Note 1 to read, icc is measured with J, K, CLK, and PRE grounded, then 
, with J, K, CLK, and CLR grounded. 
‘ALS136 New device. Data sheet printed in the Supplement to the 
TTL Data Book, Volume 3, 1984. 
2-117 ‘AS139 Delete SN54AS139 and SN74AS$139, 4 places each. Delete 
‘AS139, 2 places. 
TT 
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2-118 
2-120 
2-124 


2-139 and 
2-141 


2-140 


2-144 and 
2-145 


2-151 


NOILLVINHOANI 1VWH3N35 fe 


2-152 





1-22 












} 
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if 
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y 
a 
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a 
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DATA SHEET 


‘AS139 Delete SN54AS139 and SN74AS139, 2 places each. 
‘AS139 Delete page. ; 


‘AS151 Production released. Data sheet printed in the Supplement to 
the TTL Data Book, Volume 3, 1984. 
‘ALS/‘AS161, ‘ALS/‘AS163 | Title: SYNCHRONOUS 4-BiIT BINARY COUNTERS. 


‘ALS/‘AS160, ‘ALS/‘AS162 | Title: SYNCHRONOUS 4-BIT DECADE COUNTERS. 


‘AS160 thru ‘AS163 Production released. Data sheet printed in the Supplement 
to the TTL Data Book, Volume 3, 1984. 


‘ALS165 logic symbol: 








SH/LD 
-CLK INH 
CLK 


SER 


zx ammoaa PY 





‘ALS165 











Pin numbers shown are for J and N packages. 


Sa Bt i a FEET am CNM ET Sal is Baa Na Sh REE ea ee PE A ATES SEE IND oS by 
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184 


‘ALS174, ‘ALS175, 
‘AS174, and ‘AS175 


REVISIONS 










| PAGE DATA SHEET CHANGE 


2-154 ‘ALS166 timing diagram: 


2-157 ‘ALS168A, ‘ALS169A 
thru 
2-165 ‘AS168, ‘AS169 
















typical clear, shift, load, inhibit, and shift sequences 


cLocK 


CLOCK INHIBIT 


CLEAR 


1 

1 

SERIAL INPUT sf. 2 ee ee 
1 1 

SHIETICOAD --eR,eReee==-x——L ee os ee 

‘ ' 

A! u rt ron ee a ey 

8 t 

' 

¢ 








PARALLEL J DO 
INPUTS 








OUTPUT Oy __| 





t Lt t 


H H H 
INHIBIT 
}e—————- seria sHiFT——_——o} fo sear sHi¢y——_—_» 


CLEAR LOAD 


















‘ALS168A and ‘ALS169A are revised to ‘ALS168B and 
‘ALS169B. 

.| ‘AS168 and ‘AS169 are production released. New data 
sheet is printed in the Supplement to the TTL Data Book, 
Volume 3, 1984. 


logic diagrams: 
The CLR input on both diagrams to the following: 














—— _ (1) 
CLR = 


2-171 and | ‘AS175 ‘AS175 is production released. Data sheet is printed in the 
2-172 ; “Supplement to the TTL Data Book, Volume 3, 1984. 
2-185 ‘AS182 FH and FN Package: Pin 17 to Cp, Pin 15 to Cn+ x, Pin 14 
to Cn+y 
2-186 ‘AS182 FUNCTION TABLES NOTE: First Note to, 
H = High level, L = Low level, X = Irrelevant 
2-187 ‘AS182 electrical characteristics: lj, parameter (P2, P1, G3) to 


(PO, P1, G3). 
2-188 ‘AS182 switching characteristics: 


Tl 5 TO 
(Output) (Output) 


output of first parameter 



















from Ch+y,Cn+y to Cn+x, Cn+y 
Cn+z Cn+z 
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REVISIONS 





SCI ACN RRA” Rca VEE OLS 





2-202 “ALS192, ‘ALS193 recommended operating conditions: Add the following 
parameters: 


tsy Setup time UP high before DOWNT 17 ns MIN , 2 places 
' DOWN high before UPT 15 ns MIN , 2 places 


The following parameters: 
th Hold time UP high after DOWNt from 0 ns MIN , 2 places 
to 5nsMiN, 2 places 


DOWN high after UPT from 0 ns MIN , 2 places 
to 8ns, MIN, 2 places 


2-221 ‘AS240, “AS241 Title: LILNE to LINE 


“ALS242A switching characteristics: Limit headings from 
SN54AS242A to SN54ALS242A 











from SN74AS242A to SN74ALS242A 





2-226 ‘AS242, ‘AS243 electrical characteristics: |} limits for A or B ports? from 
50 pA MAX to 70 pA MAX, 2 places. 










2-230 ‘ALS244A electrical characteristics: Delete lj, limit of —O.1 mA typ 
Add Ij, limit of —0.1 mA MAX 
2-235 ‘ALS245A description: In the first sentence, change the word 








synchronous to asynchronous. 


Production released. Data sheet is printed in the Supplement 





2-247 thr | “AS250 













2-244 of the TTL Data Book, Volume 3, 1984. 
2-255 thru | ‘ALS257, ‘ALS258, Title: QUADRUPLE 1 OF 2 DATA SELECTORS/ 
2-260 ‘AS257, ‘AS258 MULTIPLEXERS WITH 3-STATE OUTPUTS 
2-258 ‘ALS258 switching characteristics: 
ip ae 8 23 
[5 28f 528 | 
2-263 ‘AS264.0—2~C~*~«~* positive logic equations: For ACTIVE LOW-CARRY 


= 


COUNTERS, change the equation CO = BO to CO = BO 


2-267 ‘AS264 TYPICAL APPLICATION INFORMATION: In the first 
sentence, change ‘AS624 to ‘AS264. 



















2-271 ‘ALS273 switching characteristics: In the last line of the ‘‘“FROM’”’ 
column, change CLR to CLK. - 
2-278 ‘AS282 logic diagram: outputs (15) Cp +x to (11) Cn +z and 





(11) Ch+z to (15) Cnh+x: 


recommended operating conditions: For the SN74AS286, 
change IoL parity error limit of 10 mA MAX to 20 mA MAX 















9-287 thru 
2-290 


Production released. Data sheet is printed in the Supplement 
of the TTL Data Book, Volume 3, 1984. 


electrical characteristics: ||, parameter: SO, S1, SR, SL to 
“All other’ and ‘’All other’’ to G1, G2, CLK, CLR. 
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‘ALS299, ‘ALS323 switching characteristics: tp_z (FROM) SO, S1 (TO) Qa thru 
QH change limits from 8 ns MIN, 30 ns MAX to 3 ns MIN, 
20 ns MAX for SN54ALS299 and SN54ALS323. 
Change limits from 8 ns MIN, 25 ns MAX to 3 ns MIN, 
15 ns MAX for SN74ALS299 and SN74ALS323. 


2-299 ‘ALS323, ‘AS323 Add: 2-291 after, ‘’see page 


2-335 ‘ALS518, ‘ALS519, ‘ALS522| electrical characteristics: IO} parameter: test condition 
Vcc = 4.5 V to Vcc = 5.5 V 









2-385 ‘ALS564 recommended operating conditions:For the SN54ALS564 meee 
change fclock from 30 MHz MAX to 25 MHz and for | a 
SN74ALS564 change from 35 MHz MAX to 30 MHz MAX. | Baa 
‘ALS564 switching characteristics: fmax from 30 MIN to 25 MIN for 
the SN54ALS564 and from 35 MIN to 30 MIN for the = 
SN74ALS564. ~_ 
2-399 ‘ALS573 recommended operating conditions: tw Pulse duration, y; 
enable C high from 10 ns MIN to 15 ns MIN, 2 places. Ss 
2-421 thru | ‘AS622, ‘AS623 Production released. Data sheets printed in the Supplement fa a 
2-424 of the TTL Data Book, Volume 3, 1984. o 
2-421 ‘AS620, ‘AS623 electrical characteristics: {|} limits (A or B ports) from a 
50 pA MAX to 70 pA MAX. aes 
Io limits from —30 mA MIN, —112 mA MAX to —50 mA =i 
| MIN, -150 mA MAX, 2 places. = 
2-423 ‘AS621, ‘AS622 electrical characteristics: |} limits (A or B ports) from 20 pA Lu 
MAX to 70 pA MAX. = 
{IL limits (A or B ports) from —0.5 mA MAX to 5 
-0.75 mA MAX. 
2-424 ‘AS621, ‘AS622 switching characteristics: RL = 680 2 to R_ = 500 Q, 
2 places. 
2-430 ‘ALS634, ‘ALS635 TABLE 8: In the third row of the ‘DB CONTROL OECB”’ 
column, change H to L. 
2-431 ‘ALS632, ‘ALS633 logic diagram: Last note below diagram. Change (©) to (Q). 
2-443 ‘AS638, ‘AS639 electrical characteristics: ||} Simits (A or B ports) from 50 pA 
MAX to 70 pA MAX. 
!o limits from —30 mA MIN, —112 mA MAX to -—50 mA 
MIN, —150 mA MAX, 2 places. 
2-444 ‘AS638, ‘AS639 switching characteristics: RL = 680 © (A outputs) to 
RL = 500 2 (A outputs) in 2 places. 
-| 2-451 ‘AS640, ‘AS643, ‘AS645 electrical characteristics: ||} limits (A or B ports) from 50 pA 
MAX to 70 pA MAX. 
lo limits from —30 mA MIN, —112 mA MAX to —50 mA 
MIN, —150 mA MAX, 2 places. 
2-453 ‘AS641, ‘AS642, ‘AS644 electrical characteristics: |j}4 limits (A or B ports) from 50 pA 
MAX to 70 pA MAX, 2 places. 
ty 
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2-454 


2-455 
2-456 


2-462 


2-465 
2-467 


2-473 


2-475 thru 
2-480 


2-479 
2-481 thru 
2-486 


2-491 thru 
2-503 


2-515 


1-26 
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‘AS641, ‘AS642, ‘AS644 switching characteristics: RL = 680 2 to Ri = 5000, 3 
places. 
Delete Product Preview at bottom of page. 


‘ALS646 thru ‘ALS648, Bus-Management functions diagrams: REAL-TIME TRANSFER] - 


‘AS646, ‘AS648 BUS B TO BUS A. Under CBA change X to H or L. 
REAL-TIME TRANSFER BUS A TO BUS B, under CAB 
change X to Hor L. 


‘ALS646 thru ‘ALS648, FUNCTION TABLE: in the fifth row of the ‘‘CAB’’ column, 
‘AS646, ‘AS648 change X to H or L. 
In the last row of the ‘‘CAB”’ column, change X to H or L. 


‘AS646, ‘AS648 | electrical characteristics: VOH limit (IoH = — 12 mA) from 
2.4 V MIN to 2 V MIN. ‘ 
VOH limit (IOH = —15 mA) from 2.4 V MIN to 2 V MIN. 
WH limit (A or B port) from 50 pA MAX to 70 pA MAX, 
2 places. 
IL limit (A or B port) from —0.5 mA MAX to —0.75 mA 
‘MAX, 2 places. 


‘ALS651 thru ‘ALS654, Bus-Management function diagrams: TRANSFER STORED 

‘AS651, ‘AS652 DATA TO A AND/OR B, under SBA change X to H. 

‘ALS652, ‘AS652, ‘ALS654 | logic symbols: Inside of the control blocks of both logic 
diagrams. Change G6 to G5. 


‘AS651, ‘AS652 electrical characteristics: VQH limit (IOH. = —12 mA) from 
2.4 V MIN to 2 V MIN. 
\VOH limit (IOH = —15 mA) from 2.4 V MIN to 2 V MIN. 
IjH limit (A or B ports) from 50 pA MAX to 70nA MAX, 
2 places. 
IL limit (A or B ports) from. -0.5 mA MAX to —0.75 mA 
MAX, 2 places. 


‘ALS678 Production released. Data sheet printed in the Supplement of 
the TTL Data Book, Volume 3, 1984. 

‘ALS677 switching characteristics: TpH, limits (FROM) Any A, (TO) Y 
from 35 ns MAX to 40 ns MAX for SN54ALS677, and from 
30 ns MAX to 35 ns MAX for SN74ALS677. 

‘ALS680 Production released. Data sheet printed in the Supplement of 
the TTL Data Book, Volume 3, 1984. 

‘ALS689 electrical characteristics: |oH parameter, change test 
condition Vcc = 4.5 Vto Vcc = 5.5 V. 


‘AS756 ‘AS757, ‘AS758, Production released. Data sheets are printed in the 
‘AS759, ‘AS760, ‘AS762, Supplement of the TTL Data Book, Volume 3, 1984. 
‘AS763 


‘AS804A : switching characteristics: All MIN limits from 2 ns to 1 ns. 


‘ALS810 ‘ALS811 New devices. Data sheets are printed in the Supplement of 
the TTL Data Book, Volume 3, 1984 
U 
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2-552 and | ‘AS841, ‘AS842 re released. Data sheet is printed in the Supplement 
2-553 of the TTL Data Book, Volume 3, 1984. 





2-560 and | ‘AS843, ‘AS844 Production released. Data sheet is printed in the Supplement 
2-561 of the TTL Data Book, Volume 3, 1984. 
2-566 and | ‘AS845 Production released. Data sheet is printed in the Supplement 
2-567 of the TTL Data Book, Volume 3, 1984. 
2-571 thru | ‘AS850, ‘AS851 Production released. Data sheet is printed in the Supplement 
2-580 of the TTL Data Book, Volume 3, 1984. 7 
2-579 ‘AS850 TYPICAL APPLICATION: In the drawing, the E input is 1 
connected to the input of an inverter. The output of the RST oe 
inverter is connected to G inputs of two separate ‘AS850s. ees 
Change this part of the drawing as follows: a 
The E input is connected directly to the G input of the oO 
top ‘AS850. The E input is also connected to the input of - 
an inverter. The output of the inverter is connected to the Pi 
G input of the bottom ‘AS850. S 
‘AS857 electrical characteristics: IO limits from —30 mA MIN, o 
—112 mA MAX to —50 mA MIN, —150 mA MAX, Oo 
2 places. : = 
‘ALS873 recommended operating conditions: ty, Pulse duration aa 
(Enable C high) limit from 10 ns MIN to 15 ns MIN, 2 z 
places. roa 
2-631 thru | ‘AS877 Production released. Data sheet is printed in the Supplement Lid 
2-636 of the TTL Data Book, Volume 3, 1984. = 
2-697 ‘AS1036 logic symbol: Replace the logic symbol with the following: © 
2-711 thru | ‘ALS1245 Revised to ‘ALS1245A. Data sheet is printed in the 
2-713 Supplement to the TTL Data Book, Volume 3, 1984. 
- ‘AS2620, ‘AS2623 electrical characteristics: ||}; limits (A or B port) from 50 pA 
MAX to 70 pA MAX, 2 places. 
li, limits (A or B port) from —0.5 mA MAX to -—0.75 mA 
MAX, 2 places. 
lo limits from —30 mA MIN, —112 mA MAX to —50 mA 
MIN, —150 mA MAX, 2 places. 
U 
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‘AS2640, ‘AS2645 electrical characteristics: ||} limits (A or B port) from 50 pA 
MAX to 70nA MAX, 2 places. 
iL limits (A or B port) from —0.5 mA MAX to —0.75 mA 
MAX, 2 places. 

Ico limits from —30 mA MIN, —112 mA MAX to —50 mA 
MIN, —150 mA MAX, 2 places. 
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Supplement to 
The TTL Data Book 
Volume 3 





General Information 





ALS and AS Circuits y) 





Applications ss 





2-1 


N 


ALS AND AS CIRCUITS 


2-2 


TYPES SN54ALS10A, SN54AS10, SN74ALS10A, SN74AS10 
TRIPLE 3-INPUT POSITIVE-NAND GATES 





March 1984 
@ Package Options Include Both Plastic and SN54ALS10A, SN54AS10 . . . J PACKAGE 
Ceramic Chip Carriers in Addition to Plastic SN74ALS10A, SN74AS10 . .. N PACKAGE 
and Ceramic DIPs (TOP VIEW) 
@ Dependable Texas Instruments Quality 
and Reliability 
description 


These devices contain three independent 3-input 
NAND gates. They perform the Boolean functions 
Y = A-B-CorY = A+B+C in positive logic. 


The SN54ALS10A and SN54AS10 are characterized 





for operation over the full military temperature range SN54ALS10A, SN54AS10 . . . FH PACKAGE 
of -55°C to 125°C. The SN74ALS10A and SN74ALS10A, SN74AS10 . . . FN PACKAGE 
SN74AS10 are characterized for operation from 0°C (TOP VIEW) _ 
to 70°C. S) 

oco 2 3) 


FUNCTION TABLE (each gate) 





2A 4 wi 1y 
NC {J 5 17() NC 
2B {]6 16 {] 3c 
NC {}7 15 {] NC 


2c {j8 14 {] 3B 















9 10 111213 
eu ten tan lan tia 
>~>AO0>< 
NZZ2ZaOM 
oO 
NC —No internal connection 
logic symbol ~” 
Ee 
ce 
Oo 
a 
Pin numbers shown are for J and N packages. ” 
— 
: j Copyright © 1984, Texas instruments incorporated 
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TYPES SN54ALS10A, SN74ALS10A 
TRIPLE 3-INPUT POSITIVE-NAND GATES 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, VEC. oc eccie dee ce ee eee ee we Cee Cee ee ee cu Le Tae Ne Mee eee Ga 7Vv 
IN DUE VOITAGE: ace 8s, oe aes ieee ete eee wa Sc: Se are ar wk: Ciel So aha Sher he Sana ees WE Saye red ah aloha sre. colye, bles 9 7V 
Operating free-air temperature range: SN54ALS1OA «1... cc ee eee et eee tens -55°C to 125°C 

SN74ALS TOA esi a brs Serres edie Rael eS dees Coa 0°C to 70°C 
Storage temperature range... 1. ee ee ee ee eee ee ee eee ~65 °C to 150°C 






recommended operating conditions 
SN54ALS10A SN74ALS10A 
Se oe 
Vcc Supply voltage [4s 5 65,45 5 5.5| V_| 
ViH High-level input voltage 2 2 







Vit Low-level input voltage a eo as 
lOH High-level output current po |= 0.4 | mA | 


loL Low-level output current eS) Saas 
TA Operating free-air temperature peBB 125 | Oe 70s 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


SN54ALS10A SN74ALS10A 
PARAMETER TEST CONDITIONS MIN TYP? MAX | MIN TYP? MAX 


Veg = 45, SST SMT 
Veo = #8 VB 58V, one Om 

a een ream oan soe one aa 

Voc = 45 V, fo. = 8 mA eine aaran al AR mL 
Veo = 5.5V, Va7V P| 2 
[wee = 5 5, Woezwve wee 
Voc = 55V, We04v [OO ma 
Voc = 5.5, a SE EE 
Veo = 5.8, _0azo6| 0.32 0.6 | ma 
[recs [ee = Vee [ma 


TAIl typical values are at Vcc = 5 V, Ta = 26°C. 
+The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, los. 





switching characteristics (see Note 1) 


Vcc = 4.5 V to §.5 V, : 
C._ = 50 pF, 
FROM R_ = 5002, 
-PARAMETER 
E (INPUT) Pyne Ta = MIN to MAX 
SNS4ALS10A SN74ALS10A 


A | a ee 
ae ae eee ee ee, Se eer ree ee ee ee 


NOTE 1: For load circuit and voltage waveforms, see page 1-12 of The TTL Data Book, Volume 3. 








SLINDYIO SV GNV STV Bbey 
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TYPES SN54AS10, SN74AS10 
TRIPLE 3-INPUT POSITIVE-NAND GATES 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, VCC. ce ee tee eee ee eee ee ete eee ee eee eet eee 7V 
INPUt-VOIEA Ge: 565 elsidice, 8 nee See ese Sie ie cele Ta ee ee pce: WP a Se Seach epee a 6 aren Sr ai Ma oracle dacs Gene es Seslee Ht 7V 
Operating free-air temperature range: SN54AS10 ...........06 GG Ow Rak as hs Ele -—55°Cto 125°C 

SN74AS 10 oii os eed Sa ae bs tees si idee, Pda Se ge iad ates 0°C to 70°C 
Storage temperature range... ee ee ee ee eee eee -65°C to 150°C 


recommended operating conditions 






[—snsaasio [suvaasio 
Vcc Supply voltage 45 65 65] 45 5 55] Vv | 
High-level input voltage a ae 






< 







ViH i ie Eek 
VIL Low-level input voltage ens oo COB 
IOH High-level output current ear | eee 







lor Low-level output current 20 


Ta 0 70 


3 





°c 





Operating free-air temperature 





electrical characteristics over recommended operating free-air temperature range {unless otherwise noted) 


















Uae lis win Tier we] ON 
Veo = 4.8V, pes Oe eta i 
Voc = 45 V5.5 Vi lon = ~2 mA 
Voc = 4.8. lon =20mA [os os [oss os |v 
[We ns Mr ON OK ma 
[Veo = 5 5, Va27V ica ce 
Veo = 5.8, Ws 04V 0.8 [= 0.6 [ma 
Voc = 8.5, Vo= 226 f=30 192 | =30 12 [ma 
[icen Vee = BV, Ms ov Ts 4 2 Tm 
[teen [Vee 68V, we Vag [a 18 ml 


tAll typical values are at Vcc = 5 V, Ta = 25°C. 
*The output conditions have been chosen to produce a current that closely approximates one haif of the true short-circuit output currént, Ios. 


switching characteristics (see Note 1) 


Vcc = 4.5 V to 5.5 V, 
C_ = 50 pF, 
FROM TO R, = 5002, 
PARAMETER 
(INPUT) (OUTPUT) Ta = MIN to MAX 


eee Nea AO col ee Vices i 
Fae Cee, een) (ee Ee 7 


NOTE 1: For load circuit and voltage waveforms, see page 1-12 of The TTL Data Book, Volume 3. 
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TYPES SN54ALS11A, SN54AS11, SN74ALS11A, SN74AS11 
TRIPLE 3-INPUT POSITIVE-AND GATES 





March 1984 
© Package Options Include Both Plastic and SN54ALS11A, SN54AS11.. . J PACKAGE 
Ceramic Chip Carriers in Addition to Plastic SN74ALS11A, SN74AS11...N PACKAGE 
and Ceramic DIPs (TOP VIEW) 
© Dependable Texas Instruments Quality 
and Reliability 
description 


These devices contain three independent 3-input. 
AND gates. They perform the Boolean functions 
Y = A‘B-CoryY = A+B+C in positive logic. 





The SN54ALS11A and SN54AS11 are characterized 
for operation over the full military temperature range 
of -—55°C to 125°C. The SN74ALS11A and 
SN74AS11 are characterized for operation from 0°C 
to 70°C. 


SN54ALS11A, SN54AS11. . . FH PACKAGE 
SN74ALS11A, SN74AS11 ... FN PACKAGE 
(TOP VIEW) 


FUNCTION TABLE (each gate) 





2A 1] 4 18} 1Y 
NCiUs |. 17 [L) NC 
2BUj6 . 16 3c 
NC {}7 15 VNC 
2c {Js 14] 3B 






10 111213 





9 
a = 
> > 
N ise) 


3A tJ 


Led 
(a) 
Zz 
Oo 


a 
oO 
z 


De) 


logic symbol 





NC—No interna! connection 
1A 


1B 
1c 
2A 
2B 
2c 
3A 
3B 
3c 





Pin numbers shown are for J and N packages. ; 


ALS AND AS CIRCUITS 
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TYPES SN54ALS11A, SN74ALS11A 
TRIPLE 3-INPUT POSITIVE-AND GATES 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, VCC 2-6 cc ee ee et eee eee eet eee eee eee eee rete eens 7Vv 
INPUEVOIAGE: <6 o/ ase. bss Serle BoE Ss Be Se Wea ee eens Bekins Setoce eae Bese eee eke aa len ate Stel ei loi eae a 8 7V 
Operating free-air temperature range: SNS4ALS11A ..........-.. Scho Gotten Hee hee Pes -55°Cto125°C 

SN74ALSTTA.. os cde eae BS Slate buble Be Es eae 0°C to 70°C 
Storage temperaturerange... 1... eee eee Ded Bcd acd haere ante ered -65°C to 150°C 


recommended operating conditions 


SN54ALS11A SN74ALS11TA 
MIN NOM MAX | MIN NOM MAx | ONT 
















[Vee Supp vokage——SC=“‘~*SCS™*™*C*C*~*S**S*S*S*S*S~C“s~“s*‘“‘i BSC“ SC OCC] CS 
[Vin Hishrievel input vortege——SSSCSC~C~—“~*S*~“‘*S*~dSCRSCSCCSC‘“SC‘RSCCSC~“CséirC~*d 
[Wit Low-level input vohage—SSSCSCSC—“~*SCS*S*~—“s*S*S*SSC“‘S™CC‘OYLOCOC TV _ 
[Tol Histrievel output current SSCS Cm | 
[ToL Low-level output curent SSCS OSC iSCC~“‘;~*~*~*~*S 

[Ta Operating free-air temperature SCS Bt 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


[_SNE@ALSTIA | _SN74ALST1A | 
PARAMETER TEST CONDITIONS ltl ieee bla alsdillts! UNIT 


Veo = 48, i= 18 mA 
Vec = 4.8Vto5.5V, loy = -0.4mA Vec-2 Vec-2 
Voc = 4.5V, lol = 4mA 0.25 0.4 | 0.25 0.4 | 
VoL 


MIN TYPt MAX | MIN TYPt MAX 


Veo = 4.8V, ion = 8 mA rds os] 


Voc = 8.5, vea7v |__| 
i Voc = 8.5V, Wa 04V OO ma 


Vcc = 5.5 V, Vo = 2.25 V 





TAIl typical values are at Vcc = 5 V, Ta = 25°C. 
+The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Ios. 


switching characteristics (see Note 1) 


Vec = 4.5 V to 5.5 V, 
C_ = 50 pF, 
FROM TO Ry = 500Q, 
PARAMETER 
(INPUT) (OUTPUT) Ta = MIN to MAX 
| | SNS4ALS11A_|__SN74ALS11A 


Soames eee 
ee NOI eA ee te a te 


NOTE 1: For load circuit and voltage waveforms, see page 1-12 of The TTL Data Book, Volume 3. 
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Veo = 5.8V, Vi=7v eX 


en 


TYPES SN54AS11, SN74ASi1 
TRIPLE 3-INPUT POSITIVE-AND GATES - 





RS eR SS A eA ET SR 






absolute maximum ratings over operating free-air teinperature ranges (unless otherwise noted) 


Supply'voltaga) Vie so.4. ce sissies Se aetee, Vets De eee ae ee He Pe ores Tle agigeg, aa gs 7V 
[NPUt VOltAge! veie5 26 ae! 2a He Bee A earns Rte ee een ey eee aaa he RG Ma a eR Gia ee Re eS ee & ae 
Operating free-air temperature range: SN54AS11 2... tees ~65°Cto 125°C 
J SN74AS WT oe SS Gh oe BR ae a ea hak eR eae O°Cis 70°C 
Storagetemperaturerange. 2. ee ee eee ~65°C ta 150°C 


recommended operating conditions 


~_SN54AS11_ SN74AS11 





; _ _ MIN NOM MAX | MIN Nom Max | O" 
Vcc Supply voltage = - 4.5 5 5.5 
VIH High-level input voltage ~ nen 
VIL Low-level input voltage ieee ee te a ee 
loH High-level output current —_ ee ES; ~2 
lot Low-level output current ~ erie BQ 
O _70 


electrical characteristics over recommended peereting free-air temperature range avnless otherwise noted) 


“SN54AS11 


TEST CONDITION 
. a MIN ComvFr of MAX 


c = 4.5 V to 5.5 V, 
= 4.5 V, lol = 20 mA 
Vi=7V 





ICCH 


tAll typical values are at Vcc = 5 V, Ta = 25°C. 
tThe output conditions have been chosen to produce a current t that closely approximates one half of the true short-circuit output current, Igs. 





switching characteristics (see Note 1) 










FROM | TO 
(INPUT) (OUTPUT) 


R_ = 500 Q, 
Ta = MIN to MAX 


PARAMETER 








ALS AND AS CIRCUITS ENE 


NOTE 1: For load circuit and voltage waveforms, see page 1-12 of The TTL Data Book, Volume 3. 
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a nev 6 EE RE Fea Pinan RR Shae ete 


TYPES SN54ALS12A, SN74ALS12A 
TRIPLE 3-INPUT POSITIVE-NAND GATES WITH OPEN-COLLECTOR OUTPUTS 


FNS Ti nella ainteE Te SIT LE Maas RI oh 





® Package Options Include Both Plastic and 
Ceramic Chip Carriers in Addition to Plastic 
and Ceramic DIPs 


@ Dependable Texas Instruments Quality 


and Reliability 


description 


These devices contain three independent 3-input 
NAND gates with open-collector outputs. These 
gates perform the Boolean functions Y = A-B-C or 
Y = A+B+C in positive logic. The open-collector 
Outputs require pull-up resistors to perform correctly. 
They may be connected to other open-collector out- 


SN54ALS12A .. . J PACKAGE 
SN74ALS12A ... N PACKAGE 


(TOP VIEW) 


1A 
1B 
2A 
2B 
2C 
2Y 
GND 





SN54ALS12A . . . FH PACKAGE 
SN74ALS12A ... FN PACKAGE 


(TOP VIEW) 


MARCH 1984 


puts to implement active-low wired-OR or active-high 
wired-AND functions. Open-collector devices are 
often used to generate higher Voy levels. 


The SN54ALS1 2A is characterized for operation over 
the full military temperature range of —55°C to_ 
125°C. The SN74ALS12A is characterized for 
operation from 0°C to 70°C. 


FUNCTION TABLE (each gate) 


“INPUTS OUTPUT 
[AB cl y 





NC No internat connection 









logic symbol 
(1) 





1A 
18 
1c 
2A 
2B 
2c 
3A 
3B 
3c 


2Y 


3Y 


Y) 
E 
> 
O 
o 
O 
” 
< 
Q 
Zz 
< 
7?) 
cond 
< 


Pin numbers shown are for J and N packages. 


BSE Ea a 5 SST, TT EE TT ES EE EE ES TNs Ns a Re 


° Copyright © 1984, Texas Instruments Incorporated 
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TYPES SN54ALS12A, SN74ALS12A 
TRIPLE 3-INPUT POSITVE-NAND GATES WITH OPEN-COLLECTOR OUTPUTS 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, VCC oe ee eee ete ee ee eee eee es jie este path caer tad 7V 
Input voltage....... Boat ap ites ett a NS ah hh ake, santa Mike hah Sect et MAA ee LAR AM kK hale ke hs Beene Son Re oo ey 7V 
Off-state output voltage... 6. ee eet ens Sg when ieee whey wlecadh hake Goes S 7V 
Operating free-air temperature range: SN54ALS12A............. 000 eee Ce tase wees. —55°C to 125°C 

SN74ALS12A0 is os soc Sainte Bora dele bul Bier aialetetece a Pe aust 0°C to 70°C 
Storage temperature range .. 0... eee eee ee eee ee ees -~65°C to 150°C 


recommended operating conditions 


















Vcc -___ Supply voltage p45 5 66] 45 6 8B] 
| VIM High-level input voltage 
Vi Low-level input voltage ee 7s ea 2 ee 
| Vou High-level output voltage TT 
| tor Low-level output current am 
| Ta Operating free-air temperature BH | 70 





electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 








































[Vin vec = 45V tema“ |CSC ST V 
[on Vee = 48, Vou=85V [OT ma 
See a peeconess io = 4 mA [026 04] 028 0.4 | 
VOL : Vv 
ane eee ee pee 
a ee AZ Va7¥ on Om] 
ww | vee = 5.8, Ve 27V eS Sn ae 
Veo = 5.5, Vis O4V fee ON Ot 
Veo = 5.8, V=0v | 082 06] 0.32 _0.6| mA | 
Vec = 8.5, Wa 45V 
TAll typical values are at Vcc = 5 V, Ta = 25°C 
switching characteristics (see Note 1) 
Vec = 4.5 V to 5.5 V, 
C_ = 50 pF, 
FROM _ TO RL = 2k, 
EARAMETEH (INPUT) (OUTPUT) Ta = MIN to MAX 
| | 
pwn MAX | MIN, MAX | 
es SPL on sl a vray 2 9 in| 
Pte my ets 
NOTE 1: For load circuit and voltage waveforms, see page 1-12 of the TTL Data Book, Volume 3. 
wy 
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TYPES SN54ALS22B, SN74ALS22B 
DUAL 4-INPUT POSITIVE-NAND GATES — 
WITH OPEN-COLLECTOR OUTPUTS 


MARCH 1984 











@ Package Options Include Both Plastic and SNS4ALS22B . . . J PACKAGE 
Ceramic Chip Carriers in Addition to Plastic SN74ALS22B . . . N PACKAGE 
and Ceramic DIPs (TOP VIEW) 


® Dependable Texas Instruments Quality 
and Reliability 


description 


These devices contain two independent 4-input 
NAND gates. These gates perform the Boolean func- 
tions Y = A-B-C-D or Y = A+B+C+D in positive 
logic. The open-collector outputs require pull-up 
resistors to perform correctly. They may be con- 
nected to other open-collector outputs to implement 
active-low wired-OR or active-high wired-AND func- 
tions. Open-collector devices are often used to 
generate higher VQOH levels. 





SN54ALS22B . . . FH PACKAGE 
SN74ALS22B . . . FN PACKAGE 
(TOP VIEW) 


The SN54ALS22B is characterized for operation over 
the full military temperature range of —55°C to 
125°C. The SN74ALS22B is characterized for 
operation from O°C to 70°C. ; 


FUNCTION TABLE (each gate) 


INPUTS 








> 
o 





NC — No internal connection 


logic symbol 


1A 
1B 
1c 
1D 
2A 
2B 
2c 
2D 


ALS AND AS CIRCUITS 


Pin numbers shown are for J and N packages. 





. Copyright © 1984, Texas Instruments Incorporated 
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TYPES SN54ALS22B, SN74ALS22B 
DUAL 4-INPUT POSITIVE-NAND GATES 
WITH OPEN-COLLECTOR OUTPUTS 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


recommended operating conditions 


Vee Supply veltage Pas 5 55[ 45 5 58] vV_| 
Vin High-level input voltoge Pee se fee pve | 










aT ee TTT FOS 
Nous = nghienlonpinne 
Low-level output Surent ee ee ea 
Operating free-air temperature 1-55 125] O70 % | 


Supply voltage, VCC... cee ee ee tee eee etna San dct My neehat se aA etic hon ek 7V 
IAPUE: VOIR Es. Shere ice So ede testes caw melee See cae a ele a Rew WH darcaneg! Sw Ohne loos. Mirae ede Se avers Talis Aaah 7V 
Off-state output Voltage. 6 icc kee ee eR Ew Oe ae Sel Ue Hae Me ee ee RR NTE Ee eles 7V 
Operating free-air temperature range: SN54ALS22B 1... eee ee ee eee - 55°C to 125°C 

: SN74AUS22B ii iow a8 oe es aioe WS, Se Ba OR ee ERE 0°Cto 70°C 
Storage temperature range... ee ee ee ee eee eee ..-65°Cto 150°C 







swsanisz6 | shvaalszz8 








electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

































SN54ALS22B SN74ALS22B 
PARAMETER ; TEST CONDITIONS Es SHeaALSZZB ~ | NIT 
Vag = 45 V. yeatema ts Pt 
on ee = 48, Von=58V [it Ci | 
Voc = 45V, ion = 4 mA [925 0. [ons 0.4 | 
VOL Vv 

y) Veo = 4.8V, io. = 8 mA as ee eee 

ae = 55. We7V ot 0 

Veo = 55V. EA 
> Veo = 85V, VELEN ot 0 
r icc Voc = 88V. Wsov | 02204] 022 0.4 | ma 
o icc Veo = 58V. Vie av [oa sf oe 18 | ma | 
> TAIl typical values are at Vcc = 5 V, Ta = 25°C , 
2 ; 
wy) switching characteristics (see Note 1) 
> Vec = 4.5 Vto 5.5 V, 
~” ; CL = 50 pF, 

FROM TO RL = 2 kQ, 
PARAMETER : 
2) . (INPUT) (OUTPUT) Ta = MIN to MAX 
» : SN54ALS22B SN74ALS22B 
Qo MIN MAX | MIN MAX | 
C Pw fy t—<“~r:Ssi“‘CNNCN CS™C*C*COC™CCOC*«CO§2S3}~~*~“‘éS‘OSYLC:~S™~S™~™~*C«SCY|Cots_— 
“Lota my 8 Ts | 
” NOTE 1: For load circuit and voltage waveforms, see page 1-12 of The TTL Data Book, Volume 3. 
i 
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TYPES SN54ALS30A, SN54AS30, SN74ALS30A, SN74AS30 
8-INPUT POSITIVE-NAND GATES 





March 1984 
@ Package Options Include Both Plastic and SNS4ALS30A, SN54AS30 . . . J PACKAGE 
Ceramic Chip Carriers in Addition to Plastic SN74ALS30A, SN74AS30 .. . N PACKAGE 
and Ceramic DIPs (TOP VIEW) 
@ Dependable Texas Instruments Quality 
and Reliability 
description 


These devices contain a single 8-input NAND gate 
and perform the following Boolean functions in 
positive logic: 


Y = A-B-C-D-E-F-G‘H OR 
Y = A+B+C+D+E+F+G+H 





The SN54ALS30A and SN54AS30 are characterized SN54ALS30A, SN54AS30 . . . FH PACKAGE 
for operation over the full military temperature range SN74ALS30A, SN74AS30 . . . FN PACKAGE 
of —55°C to 125°C. The SN74ALS30A and (TOP VIEW) 

SN74AS30 are characterized for operation from 0°C 


to 70°C, 


FUNCTION TABLE 


OUTPUT 
INPUTS A THRU H y 
All inputs H L 
One or more inputs L H 






logic symbol 





NC—No internal connection 


zranimoono > 





Pin numbers shown are for J and N packages. 


ALS AND AS CIRCUITS [IN 
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TYPES SNS54ALS30A, SN74ALS30A 
8-INPUT POSITIVE-NAND GATES 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, VCC. ee ee eee eee eee nee se fiantat tthe Peitne aLinters we aie tia 7V 
Inputvoltage ........ 0. cee ee eee lites Le dois OS Doe ea eet ba age le cles A/a ae en 7V 
Operating free-air temperature range: SN5S4ALS30A. 6.1 eee eee ee -55°Cto 125°C 

SN T4ALSSOA Sik sci e SEE Be wee eee Se Bene 4 O°Cto 70°C 


Storage temperature range... ee ee ee eee eee ~65°Cto 150°C 


recommended operating conditions 


SN54ALS30A SN74ALS30A 
[MIN NOM MAX | MIN NOM Max | UN 


p45 5 656] 45 65 55] Vv | 
SU ngreeiepintomge eS ee 
[| Vi sLow-level input voltage | TV 
| loH High-leveloutput current Tw = 0.4 | ma | 
pam 
[-s5 25 oo | 
















IOL Low-level output current 
Ta Operating free-air temperature 


70 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 





















Wig ee = 8 ies Ps 
Voc=45Vi0S5V, ons 04m eee 

Pe een ieee ee eel co 

vec = #8, io = 8 mA ee ee 
= 5.8, Wav fe 
Vee = BBV. Via 27V 20 20 
aL eae ae Vie 04 Po OIE > eOay ema 
Voc = 5.8, Vo = 225 
Veo = 5.8, Vi=OV 
[een Vee = BBV. Weasv [054 09] 064 0.9] ma | 





TAll typical values are at Vcc = 5 V, Ta = 25°C. 
+The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Igs. 


switching characteristics (see Note 1) 


Vcc = 4.5 Vto 5.5 V, 
Cy = 50 pF, 
PARAMETER FROM R, = 5002, 
(INPUT) ae Ta = MIN to MAX 
SN54ALS30A SN74ALS30A 


ee a ee eo |e 
[tn ny Yt 


NOTE 1: For load circuit and voltage waveforms, see page 1-12 of The TTL Data Book, Volume 3. 
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_ TYPES SN54AS30, SN74AS30 
8-INPUT POSITIVE-NAND GATES 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage; Ve Gosee seins Oe We a ee ee ed tle earns aes OR OSS Pala We ei hoe oa ea ee ae 7V 
IN PUtVOIRAGO <h ewcat te len SA As oP ies gy eats Be, Wei tate Se. ty ae ahd Soe ga aa analog eta, Une auaiee alas teal Thee 7V 
Operating free-air temperature range: SN54AS30 2... ee eens -~55°Cto 125°C 

SN74AS SO secede Fils, Ble Re ieee ele a ee ee 0°C to 70°C 
Storage temperature range... 6. ee ee eee ee ete ees -—65°Cto 150°C 


recommended operating conditions 









[—swsaasso | snvanss0 | 
[vec Seppvvetages i | 8 
Vin Hiahevetinoutvotage 
[Vin towievel input vote 
[or Highievet output eunent 2 | 
lou towieveloutut curent 20 | 
[Ta Operating tees temperate dB TOT 2 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


Veo = 48V, je-tma [tt | 
Voc = 45Vt05.5V, lon = -2 mA 
Veo = 4.8V, ln =20mA | 08608] 035 08 | Vv 

[Vee = 58, vi=7V [ttn ma 
wee = 8B. EEEAY p20 [20 | 
Voc = 8.5V. Wa Oa pe Oe Om mC 
Veo = 5.5V, vo=225V | -30 112 | -30__-112 | ma 
Veo = 5.5. Vi=OV [os is] 08 15 [ma | 
Veo = 5.5. We 45 ps aa | 89 [ma] 


tAll typical values are at Vcc = 5 V, Ta = 25°C. 
+The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, los: 



























ALS AND AS CIRCUITS [INE 







' 


switching characteristics (see Note 1) 

















Vcc = 4.5 Vto 5.5 V, 
Ci = 50 pF, 
Ry = 500 2, 








Ta = MIN to MAX 
| SN54AS30__— | SN74AS30 





FROM TO 
PARAMETER 
(INPUT) (OUTPUT) 


NOTE 1: For load circuit and voltage waveforms, see page 1-12 of The TTL Data Book, Volume 3. 
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TYPES SN54ALS35, SN74ALS35 
HEX NONINVERTERS WITH OPEN-COLLECTOR OUTPUTS 


D2661, DECEMBER 1983—REVISED MARCH 1984 





Noninverters with Open-Collector Outputs SN54ALS35... J PACKAGE 
SN74ALS35 ... N PACKAGE 


Package Options Include Both Plastic and (TOP VIEW) 


Ceramic Chip Carriers in Addition to Plastic 
and Ceramic DIPs 


@ Dependable Texas Instruments Quality and 
Reliability 


description 





These devices contain six independent noninverters. 
They perform the Boolean functions Y = A. The 
Open-collector outputs require pull-up resistors to SN54ALS35 ... FH PACKAGE 
perform correctly. They may be connected to other SN74ALS35 .. . FN PACKAGE 
Open-collector outputs to implement. active-low (TOP VIEW) 
wired-OR or active-high wired-AND functions. Open- 
collector devices are often used to generate higher 
VOH levels. 


The SN54ALS35 is characterized for operation over 
the full military temperature range of —55°C to 
125°C. The SN74ALS35 is characterized for opera- 
tion from 0°C to 70°C. 


FUNCTION TABLE {each buffer) 


: A Y 
H H 
: 










NC —No internal connection 











“” 

logic symbol E 
= 

O 

cc 

O 

a 

za = 

Pin numbers shown are for J and N packages. rf 
“” 

a 

wis Copyright © 1983 by Texas Instruments Incorporated 
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TYPES SN54ALS35, SN74ALS35 
HEX NONINVERTERS WITH OPEN-COLLECTOR OUTPUTS 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply Voltage; VGCig-s sie s weet, Geswiies Stee lak bd whee a Ere eee Vs Bs GY, So ee Aaa PE eer 7V 
Input voltage ...........0 000000 sighs Decades as hae aren 8 eters eee ii OS dete Os ERROR 2 asta eo 7V 
Off-staté output Voltage «26s s.cc5 ee OK Se eee seer e a Rete we ee ele ONG k wrae alae | Bho wo ahd Woenw epee El eles 7V 
Operating free-air temperature range: SN54ALS35 ...... HMDS SO 8G eee Ave al eee -55°Cto 125°C 

SN74AUS3 6! bids d col etecaeteiaia: Cleat Baie a ola SPS wt aoe 0°C to 70°C 
Storage temperature range... ee ee ee ee eee ee eee eee ene -—65°Cto 150°C 


recommended operating conditions 












[Vee Supply voitage——SSC~“‘“‘*S*S*S*S*S*C~“‘“*S*S*S*~srSSSC“‘“(‘N OSS | 4G 5 8] 
[Vin Highovel input voltage ————SCSCSC~CSCSC~C~CS~C~S~rS CCS” 
Vi, Low-level input voltage —SCSCSCSC~—~—SCSCSC—C—CS‘iSSSCSC~C~CSSC~‘i 
[Vor High-level output voltage ——SCSSC~C~—~—“SCSC—C~—~—C—C—‘“CSsC‘iSSSCSC~SS TE CSC*i 
[To Low-level output current___—SSCSCSCSCSCSCS ST SCC* 
[Ta Operating free-sr temperature _———~SCSCS~S~S BBS 










electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 











[_snsaaisas | _SN7 | 
PARAMETER TEST CONDITIONS onentes8 UNIT 
MIN TYPt MAX | MIN TYPt MAX 
Veco = 4.5 V, MS UO ce ig SB eS eV 
Ton | Vee = 48, Von=55V [fC 
Voc = 48V. fou = 4 mA 028 04|[ 028 0.4 
VoL = = M 
Veo = 4.5V. ion = 8 mA ee Oe oes 
a ec = Wa7v ne ih een sl 
| i | Vcc = 8.5 V, Ve 2.7V Po O20 
Voc = 5.8. V=OaV oa [0 Fm] 
ICCH Vec = 5.5 VN, - Vp = 4.5 V 2.7 4.1 : 


Vp= OV 


IccL Vec = 5.5 V, 


t All typical values are at Vcc = 5 V. Ta = 25°C 





switching characteristics (see Note 1) 


Vec = 4.5 V to 5.5 V 
C_ = 50 pF 
FROM TO R_ = 6800 


PARAMETER 
(INPUT) (OUTPUT) Ta = MIN to MAX 





SLINDYIO SV GNV Siv [DS 


NOTE 1: For load circuit and voltage waveforms, see page 1-12 of the TTL Data Book, Volume 3. 





4p 
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TYPES SN54ALS74A, SN54AS74, SN74ALS74A, SN74AS74 
DUAL D-TYPE POSITIVE-EDGE-TRIGGERED 
FLIP-FLOPS WITH CLEAR AND PRESET 


D2661, APRIL 1982—REVISED FEBRUARY 1984 





@ Package Options Include Both Plastic and Ceramic SN54ALS74A, SN54AS74 .. . J PACKAGE 
Chip Carriers in Addition to Plastic and Ceramic DIPs SN74ALS74A, SN74AS74 . . . N PACKAGE 
(TOP VIEW) 


@ Dependable Texas Instruments Quality and Reliability 





VCC 
TYPICAL MAXIMUM = TYPICAL POWER 2CLR 
TYPE CLOCK FREQUENCY DISSIPATION | 2D 
(CL = 50 pF) PER FLIP-FLOP 2CLK 
2PRE 
‘ALS74A 50 MHz 6 mW 20 
‘AS74 134 MHz 26 mW 20 
description 
SN54ALS74A, SN54AS74. . . FH PACKAGE 
These devices contain two independent D-type positive-edge- SN74ALS74A, SN74AS74 .. . FN PACKAGE 
triggered flip-flops. A low level at the Preset or Clear inputs sets (TOP VIEW) 


or resets the outputs regardless of the levels of the other inputs. 





When Preset and Clear are inactive (high), data at the D input - 5 6 ok 

meeting the setup time requirements are transferred to the outputs - er Z2S>n 

on the positive-going edge of the clock pulse. Clock triggering 30 19 

occurs at a voltage level and is not directly related to the rise time 1CLK I] 4 18] 2D 
of the clock pulse. Following the hold time interval, data at the nc fs Tine 

D input may be changed without affecting the levels at the 1PRE 16 16 [1 2CLK 
outputs. NC {}7 15 I] NC 
The SN54ALS74A and SN54AS74 are characterized for operation 10 |J8 14 (| 2PRE 
over the full military temperature range of ~ 55°C to 125°C. The ae ule 
SN74ALS74A and SN74AS74 are characterized for operation oavugca 

from O°C to 70°C. ate Zznn 















* The output levels in this configuration are not guaranteed to meet the 
minimum levels for VQH if the lows at Preset and Clear are near Vi, 
maximum. Furthermore, this configuration is nonstable; that is, it will 
not persist when either Preset or Clear returns to its inactive (high) level. Pin numbers shown.are for J and N packages. 


NC—No internal connection ”~ 
FUNCTION TABLE - 
logic symbol 5 
INPUTS OUTPUTS © 
PRESET CLEAR CLOCK D | a_ a | cc 
L x 1PRE — 
1CLK O 
a n” 
1CLR gq 
2PRE 
2CLK a) 
2D za 
2cLR a § 
i+ a] 
a 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, VEE: se.ce tek we ad eis aches Wet etard eae NEA ogi here eR Gea Be Retleaad adhd ha ees 7V 
Input Voltage so. .whi cook es ey SEG ede ee Res OT eee a ale EG Sere eee a Ded Vea 2 on 7V 
Operating free-air temperature range: SN54ALS74A, SN54AS74 .... 1. ee eee —55°C to 125°C 

SN74ALS74A, SN74AS74 .. 2... 0. ee ees 0°C to 70°C 
Storage temperature range .............0 0 eee eee Wa: O Uae dererhee es Mawr ok Geb bape WADE g ~65°C to 150°C 


Copyright © 1982 by Texas Instruments Incorporated. 
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TYPES SN54ALS74A, SN74ALS74A 
DUAL D-TYPE POSITIVE-EDGE-TRIGGERED 
FLIP-FLOPS WITH CLEAR AND PRESET 





recommended operating conditions 


Vee Supp voltage ——SSCsC~—“‘*‘“*s*“‘“~*SCSCS*SCSCSCSC*~‘“‘ ACC“ OT 
Ving —High-evel input voltage SSCS 
[Vix Low-level input voltage ——SSSCSC—~“‘“CSCS*C‘“‘“‘“‘“‘“SCSCSCSSCt C=‘ 
[ow Highlevel output eurent———SSSCSSSCSCSCSCSC*dC CO 
io. __ Low eae 
Bee a0 






SN54ALS74A SN74ALS74A UNIT 
MIN NOM MAX 













2 
Low-level output current 4 bgt = ape at | 
felock Clock frequency 0 30 Miz 


PRE or CLR low 


CLK high 16.6. 2 






tw Pulse duration 


CLK low [165 
Setup time OB ono ee 









t —— =— 
Su before CLKt PRE or CLR inactive 
th Hold time, data after CLKt 


Operating free-air temperature 


= 55 125 


TA 









Wie eg = jews fe 
Won Sd Vee = 4 VIO BEV. lon = 0.4 mA 


[| SNS4ALS74A__—[ ss SN74ALS74A_| 
PARAMETER TEST CONDITIONS SNDAALS 34 al UNIT 
MIN TYPt MAX | MIN. TYPt MAX 
0. 


VIK 
VOH - 
Veo = 4.5V, lo. = 4mA 0.25 0.4 



















5 : 0.25 V 
Veo = a8V. A 
? CLK or D eae eae 
presen] Yeo = 55 ee Sees Ronee a aed 
CLK or D 20 
I a Vv = 5.5V, Vv) = 2.7V 
> PRE orecR | °C es eT ad 
ae CLK or D es 2 eee 
I Sa Vv = 5.5V, =0. , 
[it [Preorcre | Yee = °*Y seeks Pee es Oe Oa 
> [ioe Veo = 58, Vo = 225V ~30_ 2 
2 Voc = 5.5 V, See Note 1 ee 2 ee 2 
I TAI! typical values are at Vcc = 5 V, Ta = 25°C. 
> +The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, los. 
dp) NOTE 1: tcc is measured with D, CLK, and PRE grounded, then with D, CLK, and CLR grounded. 
©) switching characteristics (see Note 2) 
= 
rs ' Veco = 4.5 V to 5.5 V, 
CL = 50 pF, 
= FROM TO R_ = 500 0, 
—_| PARAMETER 
(INPUT) . (OUTPUT) Ta = MIN to MAX 
nm | 
ae ae eee ee eee 
t — —a 
ean 
tPHL 
t 
NOTE 2: For load circuit and voltage waveforms, see page 1-12 of the TTL Data Book, Volume 3. 
i 
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TYPES SN54AS74, SN74AS74 
DUAL D-TYPE POSITIVE-EDGE-TRIGGERED 
FLIP-FLOPS WITH CLEAR AND PRESET 





recommended operating conditions : 


Veo Surplyvotage—SC“‘S;SSC~C~C~“‘CSSC*d ASSO 8 
Vin High-level input voltage ————SSSSSSSCSSCSCSCSC~dYS SY 
Vi, Low-level input voltage _—SSSCSSCSC~—C—SsCSCSCSCSC*dSCSCSCSCt~‘“~« 
20 


fclock Clock frequency 


ae el 

| oT 80 | 

[PRE orCiRiow Pe 

tw Pulse duration COONS 2 a2 ea fe 
| cikiow 

Setup time data 
ee 


t, a 
SU before CLK PRE or CLR inactive 


th Hold time, data after CLK t 


Ta Operating free-air temperature 


SN54AS74 SN74AS74 
PARAMETER TEST CONDITIONS UNIT 
} raRaMereR | | __resrconomons MIN TYPt MAX | MIN TYPf MAX 


Veo = 48, j= —18 mA es es a 
Voc = 48 Vt05.5V, lon = -2mA 
Vec = 4.5 V, lo. = 20 mA ; 0.25 0.5 

























AZ VERA es 
CiK or D pS—tOSC~SOY ay 
Vi = 5.5V, Vip = 2.7 V . 
jin Tee] Vcc yaa ao | 
CLK oF D ao ee 
! = Vv = 5.5 V, Vv; = 0.4V : 
PRE or CLR ae sy es? 
ligt = Vc = 8.5. Vo = 2.25V -30 -112 | -30 =112 ih 
Voc = 55V See Note 1 COX = 
Tail typical values are at Vcc = 5 V, Ta = 25°C. © 
+The output conditions have been chosen to produce a current that closely approximates one half of the true short-current output current, los. c 
NOTE 1: Icc is measured with D, CLK, and PRE grounded, then with D, CLK, and CLR grounded. oO 
switching characteristics (see Note 2) @ 
Vcc = 4.5 V to 5.5 V, 
Cy. = 50 pF, 9 
FROM TO R_ = 500 2, 
PARAMETER 
(INPUT) (OUTPUT) : Ta = MIN to MAX = § 
SN54AS74 SN74AS74 dp) 
MIN, MAX | MIN; MAX _| a 
Sco —d ts —~—~—“—~sr ee? 
ee a ee 5 ae 
7 E or CL 
P3500 CO 8S 
=e a ee ie 
P4500 05] 45 8 
NOTE 2: For load circuit and voltage wavforms, see page 1-12 of the TTL Data Book, Volume 3. 
Ti 4 
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TYPES SN54ALS86, SN74ALS86 
QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES 


D2661, APRIL 1982—REVISED MARCH 1984 





@ Package Options Include Both Plastic and Ceramic SNS4ALS86 .. . J PACKAGE 
Chip Carriers in Addition to Plastic and Ceramic DIPs SN74ALS86. .. N PACKAGE 
(TOP VIEW) 


@ Dependable Texas Instruments Quality and Reliability 


description 


These devices contain four independent 2-input Exclusive-OR 
gates. They perform the Boolean _—_ functions 
Y = A@B = AB+AB in positive logic. 





A common application is as a true/complement element. If one of 


the inputs is low, the other input will be reproduced in true form SN54ALS86 . . . FH PACKAGE 
at the output. If one of the inputs is high, the signal on the other SN74ALS86 .. . FN PACKAGE 
input will be reproduced inverted at the output. (TOP VIEW) 


The SN54ALS86 is characterized for operation over the full 
military temperature range of ~—55°C to 125°C. The 
SN74ALS86 is characterized for operation from 0 °C to 70°C. 


logic symbol 


\ FUNCTION TABLE 
(each gate) 








INPUTS | OUTPUT oe 
eae i 2 
NC—No internal connection 
“) 
Ee 
_ 
O 
.Pin numbers shown are for J and N packages. cc 
ce 
; ; © 
exclusive-OR logic ”- 
An exclusive-OR gate has many applications, some of which can be represented better by alternative logic symbols. r= 
EXCLUSIVE-OR 9 
—} F- D- SD SE a 
: —l 
These are five equivalent Exclusive-OR symbols valid for an ‘ALS86 gate in positive logic; negation may be shown at any = § 
two ports. 
LOGIC IDENTITY ELEMENT EVEN-PARITY ODD-PARITY ELEMENT 
The output is active (low) if The output is active (low) if The output is active (high) if 
all inputs stand at the same an even number of inputs an odd number of inputs ({i.e., 
logic level (i.e., A=B).. (i.e., O or 2) are active. only 1 of the 2) are active. 
7 Copyright © 1982, Texas Instruments Incorporated 
i] 
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TYPES SN54ALS86, SN74ALS86 
QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage; VieG@: sis fesey yg i eras eek BG Ea a eas ge Ok Se! oP GL Sig at ate Daher RS, Fees aS. 7V 
INPUEVOt AGEs. o/ 3 ees te sede. tear WA ana she ew here a an ee ora Oe a4. Aion kate ensier woe ae, ASUS 8. SRN Aa ae ae 7V 
Operating free-air temperature range: SNS4ALS86 .. 1. te eee -—55°C to 125°C 
: SN74AUS86 8 ees eas BO ie enw She ae eka Se 0°C to 70°C 
Storage temperature range’... eee eee eee ee ees —~65°C to 150°C 


recommended operating conditions 


Vcc Supply voltage | 45 5 (8.5 | 4.5 5 5.5 















Vi Laorevel ngu-variage aA | See RA 
(OH ighviovel output eurent SS ont oe) ma 
ign tow lel oni ere ee | 

Operating free-air temperature ~55 125 
























| io. = 8 mA eae 
Vec = 5.8V. Wav a a B.S 
Veo = 88V, Vs 27V A 
> Vec = 55V, v= 0aV Pee ON OA on 
~” All inputs at 4.5 V 
> Tall typical values are at Vcc = 5 V, Ta = 25°C. 
a +The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, gs. 
0 switching characteristics (see Note 1) 
> Voc = 4.5 Vto5.5V, 
~” co =: 
M To = . 

— PARAMETER ies his ake 
bv (INPUT) (OUTPUT) Ta = MIN to MAX 
7) SN54ALS86 SN74ALS86 
Cc = ES Ed 
= or : ae ee Ts INE 7 
w (other input tow) | Fae amen | Sak 

Aor B " 

(other input high 

NOTE 1: For load circuit and voltage waveforms, see page 1-12 of the TTL Data Book, Volume 3. 

3 Texas WP 
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TYPES SN54AS95, SN74AS95 
4-BIT PARALLEL-ACCESS SHIFT REGISTER 







D2661, DECEMBER 1983-—REVISED FEBRUARY 1984 





Serial-to-Parallel Conversions SN54AS95 .. . J PACKAGE 
SN74AS95 .. . N PACKAGE 
(TOP VIEW) 


Parallel Synchronous Loading 
Right or Left Shifts 


Package Options Include Both Plastic and 
Ceramic Chip Carriers in Addition to Plastic and 
Ceramic DIPs ; 


@ Dependable Texas Instruments Quality and 
Reliability 





description 


These four-bit registers feature parallel and serial SN54AS95 . . . FH PACKAGE 
inputs, parallel outputs, mode control, and two clock SN74ASS95 . . . FN PACKAGE 
inputs. The registers have three modes of operation: (TOP VIEW) 


Parallel (broadside) load 
Shift right (the direction Qa toward Qp) 
Shift left (the direction Qp toward Qa) 


n(] SER IN 


Parallel loading is accomplished by applying the four 
bits and taking the mode control input high. The data Bi}4 18 Op 
is loaded into the associated flip-flops and appears at 
the outputs after the high-to-low transition of the C6 16[] Qc 
Clock-2 input. During loading, the entry of serial data 
is inhibited. Dis 






10 
Shift right is accomplished on the high-to-low 


9 

transition of Clock 1 when the mode control is low; : ra 
shift left is accomplished on the high-to-low transition 2) 
of Clock 2 when the mode control is high by 
connecting the output of each flip-flop to the parallel NC-—No internal connection 
input of the previous flip-flop (Qp to input C, etc.); 
and serial data is entered at input D. The clock input 
may be applied commonly to Clock 1 and Clock 2 if 
both modes can be clocked from the same source. 
Changes at the mode control input should normally 
be made while both clock inputs are low. However, | 
conditions described in the last three lines of the 
function table will also ensure that the register 
contents are protected. 


a) 
2 
Oo 


M 


The SN54AS95 is characterized for operation over the 
full military temperature range of — 55°C to 125°C. 
The SN74AS9Q5 is characterized for operation from 
0°C to 70°C. 


ALS AND AS CIRCUITS Bs 





Copyright © 1983 by Texas Instruments Incorporated 
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TYPES SN54AS95, SN74AS95 
4-BIT PARALLEL-ACCESS SHIFT REGISTER 





FUNCTION TABLE 






> 


MobE | CLOCKS | oat 
CONTROL | 2 (L) 11) 
H x 





PARALLEL 


Cc 





(2) 
> 

(2) 
a 


INPUTS OUTPUTS 


Qc Op 





Qao 
a b c a 
Qgn Ocn Apn d 
Qao Op0 Aco Apo 
H Qan Opn ACh 
L Qan Qgn Ach 
Qao Og0 Aco Apo 
Qao 




















Q 












rmorere«-2azuxrxK x 


Qao 


poeeeeeeeee 
xxx x xr ruXxXxXX 
xxxxxxxx Po x 
+ 
xxxxxXxXxXxXO TX 
=~ 
xGox 
+ 
xxxxxxxxaaxlo 


zrrrrexKxre eg 





x 


TShifting left requires external connection of Qg to A, Q¢ to B, and Qp to C. Serial data is entered at input D. 

H = high level (steady state), L = low level (steady state), X = irrelevant (any input, including transitions). 

+ = transition from high to low level, t = transition from low to high level. 

a,b, c, d = the level of steady-state input at inputs A, B, C, or D, respectively. . 
Qao. Ago. Aco. Qpo = the level of Qa, Og, Qc, or Qn, respectively, before the indicated steady-state input conditions were established. 
Qan: Opn Qcn. Ann = the level of Qa, Qg, Qc, or Ap, respectively, before the most-recent 4 transition of the clock. 


logic symbol 














MODE (6) [6] (3) (2] 
CONTROL 
SERIAL 


INPUT 


(1) (1) 


SRG4 
MODE 
2 CLK1 
CLK2 
SER 
> A 
re B 
n c 
> D 
a 
Oo logic diagram (positive logic) 
DATA INPUTS 
> 
” A B c D 
Q 
°) 
©) 
= 
= 
~” 


CLOCK 1 (9) [7] 
RIGHT SHIFT 


CLOCK 2 (8) [8] 
LEFT SHIFT 


(10) [9] 
Qa Op * Qc Qp 





OUTPUTS 





wy 
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TYPES SN54AS95, SN74AS95 
4-BIT PARALLEL-ACCESS SHIFT REGISTER 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc......-.-.-.- ibe ee eee eaSeh. Detar Haye inte dv ee a ee PR Sede ea ee See ee dete 7V 
Input Voltage cok s ces ode Be eRe CREAR ete EE die Pda da Ob Stal ate et ele, Saeed 7V 
Operating free-air temperature range: SN54AS95 .... 1. ee ee -—55°C to 125°C 

SN74AS9S: ose ee ded eds Gee ee Oe 0°C to 70°C 
Storage temperature range .. 1... . tee ee eee eens -65°C to 150°C 


recommended operating conditions 


cc Supply voltage 
IH High-level input voltage 
IL 
H 
Ww 









High-level output current 


Vv 
Vv igh- 
lo igh- 







: 
ec : 
taaeees 3.5 


en (eee Figure 1) 
in (see Figure 1) 
A 


T Operating free-air temperature 













NN] NS 
ayo 
wf | 
z Ol 





=|] 
WI@ 
_ 
nN 














2 
TEST CONDITIONS 5 
= 4.5V, i; = -—18mA ©O 
loH = —2mA c 
Oo 
V=a7V 
Vi=27V 2 
Vit = 0.4 V a 
Vo = 2.35 V z=. 
“” 
tall typical values are at Voc = 5 V, Ta = 25°C. = 
+The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Ios. rg 
Ti i, 
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TYPES SN54AS95, SN74AS95 
4-BIT PARALLEL-ACCESS SHIFT REGISTER 





switching characteristice (see Note 1) 


Veco = 45V to 5.5V, 
CL = 50 pF, 
FROM TO R_ = 5009, 
ARAMETE 
ij (INPUT) (OUTPUT) Ta = MIN to MAX 


en 


NOTE 1: For load circuit and voltage waveforms, see page 1-12 of the TTL Data Book, Volume 3. 








PARAMETER MEASUREMENT INFORMATION 





SERIAL ee Vin 
INPUT 
Vit 
MODE th th 
CONTROL ii 
INPUT 13V 1.3V 13V 


ee pees Me 
tenable 4 ae tinhibit 1—> 
ie Sf Se a VIH 


CLOCK 1 1.3V 1.3V : 
INPUT iL 
tinhibit 2 gta tenable 2 

mom Vin 

CLocK 2 1.3V 13V . 
INPUT Vin 
e——- VoH 

Qa 
OUTPUT VoL 
VOLTAGE WAVEFORMS 


NOTES: A. Input A is at a low level. 
B. Vip, = 3.5 V, Vip = 0.3 V. 


FIGURE 1—CLOCK ENABLE, INHIBIT, AND HOLD TIMES 
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TYPES SN54ALS109A, SN54AS109, _SN74ALS109A, SN74AS109 
DUAL J-K POSITIVE-EDGE-TRIGGERED 
FLIP-FLOPS WITH CLEAR AND PRESET 


D2661, APRIL 1982—REVISED FEBRUARY 1984 





@ Package Options Include Both Plastic and Ceramic SNS54ALS109A, SN54AS109 . . . J PACKAGE 


Chip Carriers in Addition to Plastic and Ceramic DIPs Bh egy oe pues Byge coe 


@ Dependable Texas Instruments Quality and Reliability 





TYPICAL POWER 
TYPE TYPICAL MAXIMUM DISSIPATION 
CLOCK FREQUENCY PER FLIP-FLOP 


‘ALS109A 50 MHz 6 mW 
‘AS109 129 MHz 29 mW 


description 










These devices contain two independent J-K positive-edge- SN54ALS109A, SN54AS109 . . . FH PACKAGE 
triggered flip-flops. A low level at the Preset or Clear inputs sets SN74ALS109A, SN74AS109 . . . FN PACKAGE 


or resets the outputs regardless of the levels of the other inputs. (TOP VIEW) 

When Preset and Clear are inactive (high), data at the J and K ce Ge 

input meeting the setup time requirements are transferred to the > a = = fs 

outputs on the positive-going edge of the clock pulse. Clock jojo 

triggering occurs at a voltage level and is not directly related to 3°21 

the rise time of the clock pulse. Following the hold time interval, 1K{] 4 18) 2J 
data at the J and K inputs may be changed without affecting the 1CLK {J 5 17] 2K 
levels at the outputs. These versatile flip-flops can perform as NC IJ6 16UJNC 
toggle flip-flops by grounding K and trying J high. They also can 1PRE[)7 15 |] 2CLK 





14 |] 2PRE 





perform as D-type flip-flops if J and K are tied together. 10/8 





9 10 111213 
The SN54ALS109A and SN54AS109 are characterized for omar 
operation over the full military temperature range of —55°C to 1O 2 2 IO g 
125°C. The SN74ALS109A and SN74AS109 are characterized o 
for operation from 0°C to 70°C. NC—No internal connection 
. FUNCTION TABLE 
(EACH FLIP-FLOP) logic symbol 


ire 8) 
(2) 





Al 


PRESET CLEAR CLOCK 









TOGGLE 
Q 
H L 
Qo 
* The output levels in this configuration are not guaranteed to meet Pin numbers shown are for J and N packages. 
the minimum levels for Voy if the lows at Preset and Clear are 
near Vi_ maximum. Furthermore, this configuration is nonstable; 


that is, it will not persist when either Preset or Clear returns to 
its inactive (high) level. 










mrreimer K XK Ke 
rrmIrrxK xK xX 








x 
x 


a) 
ALS AND AS CIRCUITS [IS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 





Supply: voltage, VeG os 6s. iates oo ad dee kd ellen e tle ga & etd sun eun se ea OG Rae ee ese 7V 
INPUt, Voltages. 2 cg ire: Rin heg teks eran ec hake a tee, nde en eeces ecb aeeee alw AOS: let aaa ogee oye a Gare ARS oe a eee an POE 7V 
Operating free-air temperature range: SN54ALS109A, SN54AS109 ...............008. ~55°C to 125°C 
SN74ALS109A, SN74AS109 ... 0... ee es 0°C to 70°C 

Storage temperature range... 1... ee ee eee eens ere ~65°C to 150°C 
Copyright © 1982 by Texas Instruments Incorporated 
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TYPES SN54ALS109A, SN74ALS109A 
DUAL J-K POSITIVE-EDGE-TRIGGERED 
FLIP-FLOPS WITH CLEAR AND PRESET 





recommended operating conditions 


10H igh- 
TOL - 






SN54ALS109A SN74ALS109A 
UNIT 












< 


p45 005 65 | UV 
ee EN 
asad 80-8 | 
Po OA | mA | 
[mA | 


MHz 


High-level output current 
Low-level output current 
felock Clock frequency 


PRE or CLR low Pere. fx al 











CLK high 


tw Pulse duration pa a 


oe 


___ Setup time 
cai before CLKt PRE or CLR inactive Pe tGr se 
th Hold time, data after CLKt ae 


Operating free-air temperature 


TA 





electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

























PARAMETER TEST CONDITIONS pheses aaa sneer UNIT 
MIN TYPt MAX | MIN TYPT MAX 
Tea Aa, jesiema | tS | TV 
Veo = 4.5 V1058V, lon =—0.4 mA 
Vcc = 4.5 V, lol = 4mA P9025. 0.8 | 0.25 0.4 
VOL v 
Veo = 4.5, ion =8mA | SSS~S—SC~“‘ KC 
CLK, J, ork ee ee 
= Vv =5.5V, Vi=z7V A 
jy PRE or CLR = . $8 
CLK, J, or K aaa eee 
I —— Vv = 5.5V, Vp = 2.7V A 
> PRE or CLR | voc=88¥.  w=27v | |}, a | 
ee ie, pees Vec = 5.5V Vy = 0.4V fe O02 
n PRE or CLR aE aoe po | 0.4 | 
> Vec = 5.5 V, Vo = 2.25 V - 30 -112 | -30 -1142 
> Veo = 5.5, See Note 1 za 4 
OD tal typical values are at Vec = 5 V. Ta = 25°C. 
tThe output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, los. 
= NOTE 1: Ic¢c is measured with J, K, CLK, and PRE grounded, then with J, K, CLK, and CLR grounded. 
S| switching characteristics (see Note 2) 
2) Vec = 4.5 V to 5.5 V, 
om C, = 50 pF, 
arene 
onl Ry, = 500 2, 
~*. Ta = MIN to MAX 
fmax 
ree 
id PRE or CLR 
t 
bie 
NOTE 2: For load circuit and voltage waveforms, see page 1-12 of the TTL Data Book, Volume 3. 
Ti 4 
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TYPES SN54AS109, SN74AS109 
DUAL J-K POSITIVE-EDGE-TRIGGERED 
FLIP-FLOPS WITH CLEAR AND PRESET 








= a 


recommended operating conditions 


SN54AS109 SN74AS109 
[MIN NOM MAX | MIN NOM MAX | NIT 

















ee mpeg ae eee ae ee 
vi sewevelinatsonsee 2 2 ee ey 
Mois —Hightoval output oanent 2 
Meleck Clock frequency 70 | 08 
FRE of CUR low Aer See el ca 
tw Pulse duration aR AT fT 
Paix ow 8 
Setup time a 
tt _pofore CLK? PRE or OR mace 2 
CR 
Ta Operating free-air temperature P-55 = 125 | OO TC 





electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) — 



























SN54AS109 SN74AS109 
PARAMETER TEST CONDITIONS 7 UNIT 
MIN TYPt MAX | MIN TyPt MAX 
Veo = 45, a aemn 
Voc = 45V 10 5.5V, Ion = ~2mA 
Vcc = 4.5 V, lo. = 20 mA 0.25 0.5 0.25 05 a3 
hi C*dCVcg = 8.8, Via7V COT C—C“‘(‘C ‘dC | 
CK, Fork 2 
I wae VCC = 55, Vp =2.7V : A .& 
PRE or CUR] VCC ie a ee : 
CLK, J or K ee 1 
in fo a Vee = 5.5 V, Vy = 0.4V mA ” 
PRE or CLR pn eB ee - 
Vec = 5.5 V, Vo = 2.25 V -30 ~112 | -30 -112,} mA | 
Vec = 5.5 V, See Note 1 11.5 17 11.5017. 3 
TAll typical values are at Vcc = 5 V, Ta = 25°C. : ; ce 
+The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, igs. © 
NOTE 1: Icc is measured with J, K, CLK, and PRE grounded, then with J, K, CLK, and CLR grounded. 
” 
switching characteristics (see Note 2) _ 
Vec = 4.5 V to 5.5 V, Q 
Cy = 50 pF, Pua 
FROM TO R_ = 500 Q, 
PARAMETER . < 
(INPUT) (OUTPUT) Ta = MIN to MAX ” 
SN54AS109 SN74AS109 mar 
ee A [SS (|: RT (| 
t a i rae el eee 
= 3 9 
3.5 11.5 | 3.5 10.5 
t 
CLK 
NOTE 2: For load circuit and voltage wavforms, see page 1-12 of the TTL Data Book, Volume 3. 
Ti 4 
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TYPES SN54ALS136, SN74ALS136 
QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES 
WITH OPEN-COLLECTOR OUTPUTS 


D2837, MARCH 1984 







@® Package Options Include Both Plastic and Ceramic SNS4ALS136 . . . J PACKAGE 
: pie as ; ‘ SN74ALS136. . . N PACKAGE 
Chip Carriers in Addition to Plastic and Ceramic 
(TOP VIEW) 
DIPs 
® Dependable Texas Instruments Quality and 
Reliability 


description 


These devices contain four independent Exclusive-OR gates with ~ 
open-collector outputs. They perform the Boolean functions 
Y = A@B = AB+AB in positive logic. 





A common application is a true/complement element. If one of SN54ALS136 .. . FH PACKAGE 
the inputs is low, the other input will be reproduced in true form SN74ALS136 . . . FN PACKAGE 
at the output. If one of the inputs is high, the signal on the other (TOP VIEW) 


input will be reproduced inverted at the output. 


The SN54ALS136 is characterized for operation over the full 
military temperature range of —55°C to 125°C. The 
SN74ALS136 is characterized for operation from O°C to 70°C. 


logic symbol 


FUNCTION TABLE 
{each gate) 
















INPUTS | OUTPUT gn 
ema a 2 
NC—No internal connection eae 
i?) 
FE 
pr 
© 
Pin numbers shown are for J and N packages. [a a 
lusive-OR logi oO 
exclusive- ogic 
“” 
An Exclusive-OR gate has many applications, some of which can be represented better by alternative logic symbols. = § 
ja) 
EXCLUSIVE-OR : 
=. 
ay) =) >- =) »— 4) >» ” 
: = 
These are five equivalent Exclusive-OR symbols valid for an ‘ALS136 gate in positive logic; negation may be shown at any  § 
two ports. 
LOGIC IDENTITY ELEMENT EVEN-PARITY ODD-PARITY ELEMENT 
~ = 2k+1 
: 2 
The output is active (low) if The output is active (low) if The output is active (high) if 
all inputs stand at the same an even number of inputs an odd number of inputs (i.e., 
logic level {i.e., A=B). {i.e., O or 2) are active. only 1 of the 2) are active. 
384 _ 7 - Copyright 1984, ayaa inetraniehs iicorpotated 
I 
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TYPES SN54ALS136, SN74ALS136 
QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES 
WITH OPEN-COLLECTOR OUTPUTS 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Stipply Voltage: V Ceci bs ay cee ee HS aks sob we NE es ee an SE EGE Cees, Ra ae NES ab ded eee 7V 
Input voltage... 6... ee ee eee ee “atiitteeetdarclscea: Datos lasts Stet a elf tes taat te Sets aisha Ge Wes nal it a 7V 
Off-stateoutput: Voltage sie Se ees ok 2 ea wee ek ode bee be pele HEED eee ORAS ER Bae eS 7V 
Operating free-air temperature range: SN54ALS136 ... 2... ee ens —55°C to 125°C 

. . SNI4AIS (GE Wcities oe eae ret lake ewes 0°C to 70°C 
Storage temperature range... 1... ee eee tee ee eens pS hee a hh Za  odle Ss —65°C to 150°C 


recommended operating conditions 


SN54ALS136 SN74ALS136 
Vec Supply voltage 4.5 5 5.5] 4.5 5 5.5 


VIH High-level input voltage 
VIL Low-level input voltage 
VOH High-level output voltage 
IOL Low-level output current 










TA Operating free-air temperature 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


SN54ALS136 SN74ALS136 
PARAMETER TEST CONDITIONS UNIT 
VIK Vcc = 4.5 V 








MIN TYPt MAX | MIN TYPt MAX 












Pie | : p= = 18 mA ie Pe a eT 
[oH Voc = 45V. Vou = 55V fe a 
a EL A 

co = 45, fon = 8 mA ee sO, 

Pee = 5 ee Od mY 
i Veo = 55V. Ve 27V eae oe RSNA LN 
a AS iS 
=55V Alinputs at £8V 


TAll typical values are at Voc = 5 V, Ta = 25°C. 


switching characteristics (see Note 1) 


Vcc = 4.5 V to 5.5 V, 
CL = 50 pF, . 
‘FROM ; RL = 2k 
PARAMETER . ed Te. t a 
(INPUT) (OUTPUT) Ta = MIN to MAX 


aor8 : 20 8S 
(other input low 3 15 


re : [30s | 20 50 
(other input high [3a | 


SLINDYID SV GNV STV N : 





NOTE 1: For load circuit and voltage waveforms, see page 1-12 of the TTL Data Book, Volume 3. 
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TYPES SN54ALS151, SN54AS151, SN74ALS151, SN74AS151 
1 OF 8 DATA SELECTORS/MULTIPLEXERS 


D2661, APRIL 1982—REVISED FEBRUARY 1984 





® §8-Line to 1-Line Multiplexers SN54ALS151, SN54AS151 .. . J PACKAGE 
Can Perform As: SN74ALS151, SN74AS151 ... N PACKAGE 
Boolean Function Generators (TOP VIEW) 


Parallel-to-Serial Converters 
Data Source Selectors 


Input Clamping Diodes Simplify System Design 
Fully Compatible With Most TTL Circuits 


Package Options Include Both Plastic and Ceramic 
Chip Carriers in Addition to Plastic and Ceramic DIPs 


© Dependable Texas Instruments Quality and Reliability 





description 

SN54ALS151, SN54AS151... FH PACKAGE 

SN74ALS151, SN74AS151... FN PACKAGE 
(TOP VIEW) 


These monolithic data selectors/multiplexers provide full binary 
decoding to select one of eight data sources. The strobe input (G) 
must be at a low logic level to enable the inputs. A high fevel at 
the strobe terminal forces the W output high and the Y output 
low. 


The. SN54ALS151 and SN54AS151 are characterized for 
operation over the full military temperature range of —55°C to 
‘125°C. The SN74ALS151 and SN74AS151 are characterized 
for operation from O°C to 70°C. 








oe 
FUNCTION TABLE NC—No internal connection > 
eee OUTPUTS O 
ae STROBE = joni ai cc 
ogic symbo re) 
eA x xX H 
“) 
L L te: L m= 
L L H L = 
i “Hy JE L F QO 
a ae L a 
H LoL L = § 
H L H L Do ~” 
H H.-L L D1 wal 
H H -H L D2 <q 
H = high level, L = low level, X = irrelevant D3 
DO, D1...07 = the tevel of the D respective input ba 
D5 
06 
D7? 





Pin numbers shown are for J and N packages. 





Copyright © 1982 by Texas Instruments Incorporated 
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TYPES SN54ALS151, SN54AS151, SN74ALS151, SN74AS151 
1 OF 8 DATA SELECTORS/MULTIPLEXERS 





logic diagram (positive logic) 


6 7) > 


DO (4) 





D1 (3) 


(2) 


D3 
DATA ¥ 
INPUTS S 4 Ww 
DS 
D6 
2 07 
rr 
” DATA 
> SELECT 
2 (BINARY) 
O 
” Pin numbers shown are for J and N packages. 
© 
a ; 
©) absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
= Supply voltage; VeG. fess 25 wig Spee eee Hea widids Os Soe Wasa s Bod acd eases, we ane hc 7V 
— Inputvoltage’:3 ma aisha a Sica Aetna ae eh ae ew wi hae lee dy ear a edo PGR wee leeds Mar iared 7V 
” Operating free-air temperature range: SN54ALS151,SN54AS151 ............ 0000 eee -—55°C to 125°C 
SN74ALS151,SN74AS151 2.0... . ee ee 0°C to 70°C 
Storage temperature range ............... sat eaaniad ay piace Rete et Wad wire es awh ete ese Soke toe Me -—65°C to 150°C 





i 128: 
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TYPES SN54ALS151, SN74ALS151 
1 OF 8 DATA SELECTORS/MULTIPLEXERS 





recommended operating conditions 


SAREE NOM MT 51 Sa ca ae 
UNIT 













Supply voltage ae BCE a ee eA 
faa Sees ge ee pee ed 
Vi____Low-level input voltage aaa CS eee 
lov High-level output current canner ii Renee eT a 
lo Low-level output current Ea ey - oS 
Ta Operating free-air temperature ie es A ee oF oe 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER TEST CONDITIONS ee! shies 
MIN TYPt MAX | MIN TYPt MAX 















Soa ASS TCS RC 
Von vere ts, ign = stmt eas v 
Veo = 4.8V. ion = =2.6 mA Dees ene Eee 
am Veo = 4.8. lot = 12 mA 
Veo = 4.5V. Ee a aa RT CBE 
[Vee = 58, VERA) Ee Oe 
Sse ER AI 7 RRS 7 CS RR 
Veo = 58, v= O4V eeeemers ie TEC 
io? | Vee = 85, = eV —~«di=S~Ci OC 





[lee Veo = 8.5 ¥, Le a a a 


TAll typical values are at Vcc = 5 V, Ta = 25°C. 
+The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Igg. 





switching characteristics (see Note 1) 


Vec = 4.5 V to 5.5 V, 
Cy = 50 pF, 
- FROM. TO aa = 500 0, 
PARAMETER 
: (INPUT) (OUTPUT) = MIN to MAX 
: SUSAR SN74ALS151 







ALS AND AS CIRCUITS 3S : 


PLH A, B, or C 
a za 
7 24 
A, B, or C 
= 7 73 
| tH 3 12[ 3 10 || 
ee 
t oe GS ae, NSE | 
anv je | 
ae eee eS 
eae 5 23 





NOTE 1: For load circuit and voltage seiavefonms, see page 1-12. 
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TYPES SN54AS151, SN74AS151 
1 OF 8 DATA SELECTORS/MULTIPLEXERS 


Senta Patras nM A Aa So 


recommended operating conditions 





















ee ac 
ELT a URRY Te Ew OT oT 
Vid High-level input voltage eg epee 
[Vip Low-level input voltage SSCS CSC 
[of High-level output current eS 
iol, Low-level output current pe ate amr 
“e 






electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

































PARAMETER TEST CONDITIONS |__SNS4AS151_ en7she 10! UNIT 
MIN TYPt MAX | MIN TYPT MAX 
Veo = 45V i056, Ion = 2 mA 
Vou Vec = 4.5 V, loo = -—12 mA 2.4 3.2 aaa 
Vec = 4.5 V, lon = -15 mA a a: 
Voc = 48, lou = 32 mA a 1 
VoL cc 5 ‘OL m Vv 
Veo = 45, lo. = 48 mA So | ee Os 
eo Oi OT 
All others te OE 
A, B, or C 
Pee EC eel as incl ary i 
All others 
A,B, or C aa ti eee si 
i) Ce eee er orga * 
All others ! ee a rae 
? lot Vec = 5.5 V, Vo = 2.25 V —30 -112 | —30 -~112 
Veo = 8.5, | 18630 18.630 
TAll typical values are at Voc = 5 V, Ta = 25°C. 
> +The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Igs. 
rr . 
_%& © switching characteristics (see Note 1) 
z Vcc = 4.5 V to 5.5 V, 
Oo : Cy = 50 pF, 
PARAMETER FROM TO Ri = 5002, 
> (INPUT) (OUTPUT) Ta = MIN to MAX 
” [—SNsaasis1 | __ SN74ASt61 
) A.B.orc y ee 
O p45 6 Ta 
e A.B, or€ a eee ee ee 
=] _ a a ee 
t ke 10.5 
n” Ais Y 
i a ni 
2 * 
rap 7 oe | 
1 
: ; p45 iB ne | 
TPL . Lay ee 
je | 
NOTE 1: For load circuit and voltage waveforms, see page 1-12 of The TTL Data Book, Volume 3. 
U 
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TYPES SN54ALS160A THRU SN54ALS163A, SN54AS160 THRU SN54AS163 
SN74ALS160A THRU SN74ALS163A, SN74AS160 THRU SN74AS163 
SYNCHRONOUS 4-BIT DECADE AND BINARY COUNTERS 


D2661, APRIL 1982—REVISED FEBRUARY 1984 





Internal Look-Ahead for Fast Counting SNS4ALS", SNS4AS’ . . . J PACKAGE 


‘ 3 : SN74ALS’, SN74AS’... N PACKAGE 
Carry Output for n-Bit Cascading 


(TOP VIEW) 


Synchronous Counting 


Synchronously Programmable 


Package Options Include Both Plastic and 
Ceramic Chip Carriers in Addition to Plastic and 
Ceramic DIPs 


@ Dependable Texas Instruments Quality and 
Reliability 





description 
SN54ALS’, SN54AS . . . FH PACKAGE 


These synchronous, presettable counters feature an internal carry SN74ALS’. SN74AS' FN PACKAGE 


look-ahead for application in high-speed counting designs. The 


(TOP VIEW) 
‘ALS160A, ‘ALS162A, ‘AS160, and ‘AS162 are decade 
counters, and the ‘ALS161A, ‘ALS163A, ‘AS161, and ‘AS163 4ISo 88 
are 4-bit binary counters. Synchronous operation is provided by 
having all flip-flops clocked simultaneously so that the outputs 3°21 





change coincident with each other when so instructed by the Afl4 1 lO, 
count-enable inputs and internal gating. This mode of operation B[]5 170 Op 
eliminates the output counting spikes that are normally associated NC Iij6 16 {]NC 
with asynchronous (ripple clock) counters. A buffered clock input Clj7 15 (]Qc : 
triggers the four flip-flops on the rising (positive-going) edge of D{Js 14 []Op 






the clock input waveform. 10 111213 





9 
These counters are fully programmable; that is, the outputs may os =] 
be preset to either level. As presetting is synchronous, setting ud 

‘up a low level at the load input disables the counter and causes 

the outputs to agree with the setup data after the next clock pulse NC—No internal connection 


regardless of the levels of the enable inputs. 


Led —_ 

K 
S 3B 
oO tu 


LOAD [] 


The clear function for the ‘ALS160A, ‘ALS161A, ‘AS160, and ‘AS161 is asynchronous and a low level at the clear 
input sets all four of the flip-flop outputs low regardless of the levels of the clock, load, or enable inputs. 


The clear function for the ‘ALS162A, ‘ALS163A, ‘AS162, and ‘AS163 is synchronous and a !ow level at the clear 
input sets all four of the flip-flop outputs low after the next clock pulse, regardless of the levels of the enable inputs. 
This synchronous clear allows the count length to be modified easily as decoding the maximum count desired can 
be accomplished with one external NAND gate. The gate output is connected to the clear input to synchronously 
clear the counter to OOOO (LLLL). 


The carry look-ahead circuitry provides for cascading counters for n-bit synchronous applications without additional 
gating. Instrumental in accomplishing this function are two count-enable inputs and a ripple carry output. Both count- 
enable inputs (ENP and ENT) must be high to count, and ENT is fed forward to enable the ripple carry output. The 
ripple carry output (RCO) thus enabled will produce a high-level pulse while the count is maximum (9 or 15 with OA 
high). This high-level overflow ripple carry pulse can be used to enable successive cascaded stages. Transitions at 
the ENP or ENT are allowed regardless of the level of the clock input. 


ALS AND AS CIRCUITS [ISP 


These counters feature a fully independent clock circuit. Changes at control inputs (ENP, ENT, or TOAD) that will 
modify the operating mode have no effect on the contents of the counter unti! clocking occurs. The function of the 
counter (whether enabled, disabled, loading, or counting) will be dictated solely by the conditions meeting the stable 
setup and hold times. 


The SN54ALS160A through SN54ALS163A and SN54AS160 through SN54AS163 are characterized for operation 
over the full military temperature range of —55°C to 125°C. The SN74ALS160A through SN74ALS163A and 
SN74AS160 through SN74AS163 are characterized for operation from O0°C to 70°C. 


wi Copyright © 1982 by Texas Instruments Incorporated 
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TYPES SN54ALS160A, SN54ALS162A, SN54AS160, SN54AS162 
SN74ALS160A, SN74ALS162A, SN74AS160, SN74AS162 
SYNCHRONOUS 4-BIT DECADE COUNTERS 





logic symbols 
“‘ALS160A AND ‘AS160 DECADE ‘ALS162A AND ‘AS162 DECADE 
COUNTERS WITH DIRECT CLEAR COUNTERS WITH SYNCHRONOUS CLEAR 


CTRDIV10 





CLR 
LOAD 
RCO RCO 
ENT 
ENP 
CLK 
On A Qa 
Qg B Og 
Qc Cc Qc 
Qp D Qp 


RCO 





SSSA 


> 
r 
” 
> 
= 
Oo 
> 
”n 
© 
=.) 
© 
= 
+ 
n 


F 





‘ALS162A and ’AS162 decade counters are similar; however the clear is synchronous as shown for the ‘ALS163A and ‘AS163 binary counters. 


Pin numbers shown are for J and N packages. 





ro 
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TYPES SN54ALS161A, SN54ALS163A, SN54AS161, SN54AS163 
SN74ALS161A, SN74ALS163A, SN74AS161, SN74AS163 
SYNCHRONOUS 4-BIT BINARY COUNTERS 





logic symbols 


‘ALS161A AND ‘AS161 BINARY ‘ALS163A AND ‘AS163 BINARY 
COUNTERS WITH DIRECT CLEAR ; COUNTERS WITH SYNCHRONOUS CLEAR 


RCO RCO 











Qa QA 
Qg OB 
Oc Qc 
Qp Qp 
‘ALS163A and ‘AS163 logic diagram (positive logic) 
CLR (1) 
LOAD 
ENT 
ENP RCO 
CLK 2 
Qa “” 
E 
A =) 
O 
oc 
Q © 
“” 
. = § 
Q 
=a 
Qc r 
c 4 
= § 





‘ALS161A and ‘AS161 synchronous binary counters are similar; however the clear is asynchronous as shown for the ‘ALS 160A and ‘AS160 decade counters. 


Pin numbers shown are for J and N packages. 





83 H 
I, 
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TYPES SN54ALS160A, SN54ALS162A, SN54AS160, SN54AS162 
SN74ALS160A, SN74ALS162A, SN74AS160, SN74AS162 
SYNCHRONOUS 4-BIT DECADE COUNTERS 





wate clear, preset, count, and inhibit sequences 





SLINDUID SV GNV SIV Ae 


"ALS160A, ‘AS160, ‘ALS162A, ‘AS162 


Illustrated below is the following sequence: 
1. Clear outputs to zero ("ALS160A and ‘AS160 are asynchronous; ‘ALS162A and ‘AS162 are synchronous) 
2. Preset to BCD seven 
3. Count to eight, nine, zero, one, two, and three 
4. Inhibit 


iH 


DATA 
INPUTS Gee, Me) oe ees, aes gees, Gee Ge, coe ee 
c | { 
; | ae Teeter SSS eA ee a ee. i! ee 
I Nos Pees ee | SN yon’ “tees yueee. tate o Meee CAD es 
ee er: 
hs, fete, eee A elds Sec ete ee ee ee, Fe 
\ t 
. | ! \ 
ENP | | | ; | | 
| t I \ 
I \ \ . . 
ENT | ' | | 
4 t : ' 
— { ' 
OO tt: | | | | | | iF 
| 4 | | 
—_- > ! ' ! ' 
OG ote in ass ed OO CCC 
| ! ( | 
OuTPUTS i ' 
— — f 
~~ 
Qc ee re ey eee ee ee aes 
a \ \ { ’ 
—_ 4 ‘ t ! ! 
1 
Gonchar) eee ee 
‘ { ' 1 
i or oe | 
RCO \ { | { } L 4 
Pot at is 3 
| j ee COUNT pe ee INHIBIT —————-——_—e 


SYNC PRESET 
CLEAR 
ASYNC 
CLEAR 
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TYPES SN54ALS161A, SN54ALS163A, SN54AS161, SN54AS163 
SN74ALS161A, SN74ALS163A, SN74AS161, SN74AS163 
SYNCHRONOUS 4-BIT BINARY COUNTERS 
typical clear, preset, count, and inhibit sequences 


‘ALS161A, ‘AS161, ‘ALS163A, ‘AS163 


(Illustrated below is the following sequence: 
1. Clear outputs to zero (‘ALS161A and ‘AS161 are asynchronous; ‘ALS163A and ‘AS163 are synchronous) 
2. Preset to binary twelve 
3. Count to thirteen, fourteen, fifteen, zero, one, and two 
4. Inhibit 


Q 
ime 
a 





t Sets ~ east ace Fe a See! Vee ® ee eee YS ee, 
ae rer 
sy eee es 
| SS Se SS ee ee see 
DATA OO Se ep Se aS we? Seer, eeety tes een th ere feo” Morne! 
INPUTS | St ee pee eed. Meee) ee Mee peo. es ete ee ee 
an 1 
| em, acest! cee, eee "ee aes 7 poet Wes) eee Veet - fences 
| ee coy ai ode Whar es ee ee tet 
o fs ’ 
t tr §$ 
1 te 
——J 
t+ 4 
at a : 7 
ENT on eee ae 
ee cr | 
1 
Qn ie ae Pm ae ee ane Ce ace |e 
' 
i 
Op i eee eee = 
OUTPUTS i 


8 
Pld tdidd 


Ee es i 


ALS AND AS CIRCUITS < 


a 


| j 
| ' 
RCO \ ! | 
i] 
' 


1 2 


13. °+«414°~«#215~*«CO 
|-—_———- count ——____-J» ___ intr —_~> 


SYNC PRESET 
CLEAR 


ASYNC 
CLEAR 
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TYPES SN54ALS160A THRU SN54ALS163A 
SN74ALS160A THRU SN74ALS163A 
SYNCHRONOUS 4-BIT DECADE AND BINARY COUNTERS 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply-voltage; VCC sine Giese gat belo ns Rate ole ok eR Mae arate, Peas, eel miele } o aA eee maa 7V 
(Input: Voltages: acess die cash See Ny eth seen one wed ee ey eal ae Aa ae eaten eS Bid Wd tie iret 7V 
Operating free-air temperature range: SN54ALS160A thru SN54ALS163A .............. —55°C to 125°C 

SN74ALS160A thru SN74ALS163A.............5.0-- O°C to 70°C 
Storage temperature range........-.....-- 2. e ee eee Sect octal Gh 46 oN siaed Selapaange, Se Soataeende -65°C to 150°C 


recommended operating conditions 


SN54ALS160A SN74ALS160A 
THRU : THRU 
SN54ALS163A SN74ALS163A 


Cc Supply voltage 


Vv 


Cc 
tw Pulse duration 7 = 
ie er 
20 
ALS162A, ‘ALS163A 


th Hold time, all synchronous inputs after CLKt 
Ta Operating free-air temperature 


Setup time 


SN54ALS160A SN74ALS160A 
THRU THRU 
SN54ALS163A SN74ALS163A 


; MIN TYP? MAX| MIN TYPTt MAX 
Voc = 45 Vt0 55 V, lon = -0.4mA | Veo-2 


PARAMETER TEST CONDITIONS 


PAlothee fs Oa 
LOAD, CLK orENT | Vee y eye 
co ea ea 


RCO 


Ojos et eee Moree 


SLINDYID SV GNV S1V Bey 


TAll typical values are at Vcc = 5 V, Ta = 25°C. 
+The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Ios. 
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_ NOTE 1: For load circuit and voltage waveforms, see page 1-12 of The TTL Data Book, Volume 3. 


TYPES SN54ALS160A THRU SN54ALS163A 
SN74ALS160A THRU SN74ALS163A 
SYNCHRONOUS 4-BIT DECADE AND BINARY COUNTERS 





‘ALS160A, ‘ALS161A switching characteristics (see Note 1) 


Vcc = 4.5 V to 5.5 V, 
Cy = 50 pF, 
PARAMETER soe ie a . MAX 
(INPUT) (OUTPUT) 
SN54ALS160A SN74ALS160A 
SNS54ALS161A SN74ALS161A 


NR 
toy) 


w 


nN 
W 


fi“ 
oa 


~ 
WO! a 
Wl Win 


— | CO} w& 
WEN 
ANI OTO 
= 
—+|@ 


Vcc = 4.5 V to 5.5 V, 
CL = 50 pF, 
= 0 
PARAMETER eats a ee 
INPUT OUTPUT; 
} SN54ALS162A 
SNS54ALS163A SN74ALS163A 


ee [ere ik. eae SO (0 
| PL 8 0 
ae ans 
tPHL 7 
t 
tPHL 6 
t 
5 


tPLH 





ALS AND AS CIRCUITS MSE 
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TYPES SN54AS160 THRU SN54AS163 
SN74AS160 THRU SN74AS163 
SYNCHRONOUS 4-BIT DECADE AND BINARY COUNTERS 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply: voltage, VEC scicbe 24 been RE ee We ai a he a Be We Re eS a Se ee 7V 
Input:Voltage.c. ioe ee. JA wie Saarek weed ae 5 OA See wy eS eB eae huts: ¥ esl or EAS ee aS 7V 
Operating free-air temperature range: SN54AS160 thru SN54AS163 ...............06. ~55°C to 125°C 

SN74AS160 thru SN74AS163........... 0.000 eee eee O°C to 70°C 
Storage temperature range...... ee eee erste nals b, BE. way aoatte, Oykp giaes Aes apgegne mudcayte —65°C to 150°C 


recommended operating conditions. 


SN54AS160 SN74AS160 
THRU , THRU 
SN54AS163 SN74AS163 


Vcc Supply voltage 


VIL Low-level input voltage 
1OH High-level output current 


loL Low-level output current 2 


felock Clock frequency 


tw Pulse duration 


Setup time 


SLINDYIOD SV GNV STV Be 








t 
cia before CLKt 
th Hold time, all synchronous inputs after CLKt 
Ta Operating free-air temperature 
SN54AS160 . SN74AS160 
THRU THRU 
TEST CONDITIONS 
SN54AS163 SN74AS163 
MIN TYPt. MAX | MIN Typt 
= 4.5 V, = = 18 mA 
= 45 VW 55V, Ion = -2mA 
io, = 20 mA 025 08] 028 08] 
aS | eed 
eee) Ee 
All other ne OB 2 08 | 
= 5. P3000 112 | -30 = 112 | 
icc [3863] SCS «B | mA 
Fall typical values are at Voc = 5 V, Ta = 25°C. 
tThe output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Ios. 
Ti te 
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TYPES SN54AS160 THRU SN54AS163 
SN74AS160 THRU SN74AS163 
SYNCHRONOUS 4-BIT DECADE AND BINARY COUNTERS 





‘AS160, ‘AS161 switching characteristics (see Note 1) 


Vec = 4.5 V to 5.5 V, 
CL = 50 pF, 
FROM TO BL eet 
PARAMETER ates Peale Ta = MIN to MAX 
SN54AS160 SN74AS160 


2 FE 


RCO (with LOAD high) 





‘AS162, ‘AS163 switching characteristics (see Note 1) 


Vcc = 4.5 V to 5.5 V, 
Cy = 50 pF, 
Ri = 5009, 
PARAMETER FROM : = MIN to MAX 
(INPUT) 


TO 
(OUTPUT) 





2 








~” 
- 
oR 
RCO a 
O 
ce 
O 
a 
tPHL QO 
NOTE 1: For toad circuit and voltage waveforms, see page 1-12 of The TTL Data Book, Volume 3. Pd 
; ”) 
= 
T 4 
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TYPES SN54ALS160A THRU SN54ALS163A, SN54AS160 THRU SN54AS163 
SN74ALS160A THRU SN74ALS163A, SN74AS160 THRU SN74AS163 
SYNCHRONOUS 4-BIT DECADE AND BINARY COUNTERS 


TYPICAL APPLICATION DATA 
N-BIT SYNCHRONOUS COUNTERS 
This application demonstrates how the look-ahead carry circuit can be used to implement a high-speed n-bit counter. The 


‘ALS160A, ‘AS160, ‘ALS162A, and ‘AS162 will count in BCD and the ‘ALS161A, ‘AS161, ‘ALS163A and ‘AS163 will 
count in binary. Virtually any count mode (modulo-N, N7-to-N2, N4-to-maximum) can be used with this fast look-ahead circuit. 





CUR pw 
CLEAR (L) CcT=0 
| 
Sree ST 
DISABLE IL) a 


G4 


Lf tk csi2.3.4¢ 


LOAD ({L) fi 
COUNT (H) AND ; 
DISABLE (L) 

CLOCK 





> | 
r aces 
7) vik 
> 
za er na 
oO ae ee ee ae 
> 
n 
© 
S 
Oo 
Cc caeey 
= —otR 
a | 
ae 
eR, pte cce me! A 
TO MORE SIGNIFICANT STAGES 
j 12. 
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TYPES SN54ALS168B, SN54ALS169B, SN54AS168, SN54AS169 
SN74ALS168B, SN74ALS169B, SN74AS168, SN74AS169 
SYNCHRONOUS 4-BIT UP/DOWN DECADE AND BINARY COUNTERS 





MARCH 1984 
@ Fully Synchronous Operation for Counting SN54ALS’, SN54AS‘ .. . J PACKAGE 
and Programming SN74ALS’, SN74AS’ . . . N PACKAGE 
(TOP VIEW) 


Internal Look-Ahead for Fast Counting 


e 

@ Carry Output for n-Bit Cascading 
@ Fully Independent Clock Circuit 
e 


Package Options Include Both Plastic and 
Ceramic Chip Carriers in Addition to Plastic 
and Ceramic DIPs 





@ Dependable Texas Instruments Quality and 
Reliability 

SN54ALS', SN54AS’ . . . FH PACKAGE 

description SN74ALS’, SN74AS’ . . . FN PACKAGE 


These synchronous presettable counters feature an (TOP VIEW) 


internal carry look-ahead for cascading in high-speed 
counting applications. The ‘ALS1688 and ‘AS168 are 
decade counters and the ‘ALS169B and ‘AS169 are 
4-bit binary counters. Synchronous operation is 
provided by having all flip-flops clocked 
simultaneously so that the outputs change coincident 
with each other when so instructed by the count- 
enable inputs and internal gating. This mode of 
operation helps eliminate the output counting spikes 
that are normally associated with asynchronous (ripple 








clock) counters. A buffered clock input triggers the 2 
four flip-flops on the rising (positive-going) edge of the 
clock waveform. ” 
These counters are fully programmable; that is, the MRE etenny senteenes = 
outputs may each be preset to either level. The load 5 
input circuitry allows loading with the carry-enable oO 
output of cascaded counters. As loading is cc 
synchronous, setting up a low level at the load input O 
disables the counter and causes the outputs to agree 
with the data inputs after the next clock pulse. g 
The carry look-ahead circuitry provides for cascading counters for n-bit synchronous application without additional 
gating. Instrumental in accomplishing this function are two count-enable inputs and a carry output. Both count enable a) 
inputs (ENP and ENT) must be low to count. The direction of the count is determined by the level of the U/D input. = 
When U/D is high, the counter counts up; when low, it counts down. Input ENT is fed forward to enable the carry < 
output. The riple carry output (RCO) thus enabled will produce a low-level pulse while the count is zero (all inputs YD 
low) counting down or maximum (9 or 15) counting up. This low-level overflow carry pulse can be used to enable onl 
successive cascaded stages. Transistions at ENP or ENT are allowed regardless of the level of the clock input. All < 
inputs are diode-clamped to minimize transmission-line effects, thereby simplifying system design. 
These counters feature a fully independent clock circuit. Changes at control inputs (ENP, ENT, LOAD, U/D) that will 
modify the operating mode have no effect on the contents of the counter until clocking occurs. The function of the 
counter (whether enabled, disabled, loading, or counting) will be dictated solely by the conditions meeting the stable 
setup and hold times. : 
The SN54ALS168B, SN54AS168, SN54ALS169B, and SN54AS169 are characterized for operation over the full military 
temperature range of —55°C to 125°C. The SN74ALS168B, SN74AS168, SN74ALS169B, and SN74AS169 are 
characterized for operation from O°C to 70°C. 

4s Copyright © 1984, Texas instruments Incorporated 
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TYPES SN54ALS168B, SN54AS168, SN74ALS168B, SN74AS168 
SYNCHRONOUS 4-BIT UP/DOWN DECADE COUNTERS 





‘ALS168B, ‘AS168 logic diagram (positive logic) ‘ALS168B, ‘AS168 logic symbol 





900 8 > 


HORS | 
f | 


Ba 
>: 


(Ss 





SLINDYIO SV GNV STV a 


Pin numbers shown are for J and N packages. 
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TYPES SN54ALS169B, SN54AS169, SN74ALS169B, SN74AS169 
SYNCHRONOUS 4-BIT UP/DOWN BINARY COUNTERS 





‘ALS169B, ‘AS169 logic diagram (positive logic) ‘ALS169B, ‘AS169 logic symbol 
(9) 


LOAD 





Ay : (15) 


= _. (1) 
~~ (10) y u/O 
ENT 
ENP S 
py See ctr 
peat ese D> d a, 
A 





00QO 8 > 


Pin numbers shown are for J and N packages. 


ALS AND AS CIRCUITS ia 
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TYPES SN54ALS168B, SN54AS168, SN74ALS168B, SN74AS168 
SYNCHRONOUS 4-BIT UP/DOWN DECADE COUNTERS 





‘ALS168B, ‘AS168 typical load, count, and inhibit sequences 


Illustrated below is the following sequence: 


1. oad (preset) to BCD seven 
2. Count up to eight, nine (maximum), zero, one, and two 

3. Inhibit 

4. Count down to one, zero (minimum), nine, eight, and seven 





DATA 
INPUTS 


SLINOYID SV GNV SiIv Be 
& 
: to. 
1 4 
14 





4 
2-54 TEXAS 
INSTRUMENTS 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


as 


TYPES SN54ALS169B, SN54AS169, SN74ALS169B, SN74AS169 
SYNCHRONOUS 4-BIT UP/DOWN BINARY COUNTERS 


Pa TE ET SIE I OE TER TEE SPD TE ET I OT ITE I Te IT LO EY TE TT IN EOC OOPS EGIL IT TENET EE ITC AE EEE, 
‘ALS169B, ‘AS169 typical load, count, and inhibit sequences 


Illustrated below is the following sequence: 


_1. Load (preset) to binary thirteen 

2. Count up to fourteen, fifteen (maximum), zero, one, and two 

3. Inhibit 

4. Count down to one, zero (minimum), fifteen, fourteen, and thirteen 





DATA 
INPUTS 


tt 
NO 





Ste ee 


) 


14 15 (0) 1 2 2 2 1 0 15 14 13 


J ! 
| |.___ COUNT UP ——o}— INHIBIT | po COUNT DOWN ————_———e 


*) 
= 
> 
© 
= 
Oo 
” 
< 
Q 
Zz 
< 
” 
oul 
< 
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TYPES SN54ALS168B, SN54ALS169B, SN74ALS1G8B, SN74ALS169B 
SYNCHRONOUS 4-BIT UP/DOWN DECADE AND BINARY COUNTERS 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, VCC... cee teen eens eke oe auc at Ae Sac at tact SDS RGge ts che acs anye 7V 
IAPUESVOl TAGE sie 2.55 eter edie cairns eieane Kage Sle tec and wie) interes Oe wae eae yeas ow ee eee lw) ohteg eS Wad atone @laNe I GLA oe 7V 
Operating free-air temperature range: SN54ALS168B, SNS4ALS169B ................ -55°C to 125°C 

SN74ALS168B, SN74ALS169B ...........-....-040. 0°C to 70°C 
Storage temperature ange: sec. 6 ee oe eed heer 8 Se re es ed es a a) eee ane ees -65°C to 150°C 


recommended operating conditions 





SN54ALS168B SN74ALS168B 
SNS54ALS169B SN74ALS169B 






UNIT 














[Vee Sunpiy voltage ——SSCS~=“*‘“*~“‘~*~*~*~‘—‘“s*~“*~*~—s~é‘~i CSC‘ ;Y OT OS CY 
[Vin High-levelinputvotage——SSSSCSC~C~—~SCSCSC—CSCSCS~SiT SP SSSSCSC~d Cid Vd 
PV towievelinput voltage SSCSC~“~S*~sSC“‘CSC!C(#UHYYOC~“‘“ YT 
[Ton Highvievel output curen@ SCS 
[Tou tewievel outputeurent—SSC~dCSSSCSC~sCsC‘SSSSSC«S Sm 
[Tfelock Clock frequency SSSSCSCSCSCS~S SSS 
[tw Pulse duration LK highorow —SsS—~C~‘CSOSSSC~“—*~“—~*~drCHSCSC*“‘CSC*#Y =~ 
piCrehOe a I | 
‘a. Smaart oe a 
vo 20 
th Hold time, data after CLKt eee ee eae 
[TA Operating freeair temperature ———SSCSCSC*~“—~*~*~*~*~*~‘BSSC*C“‘(USSYY OO VOY CY 





electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 











PARAMETER TEST CONDITIONS SN54ALS169B SN74ALS169B UNIT 
Vie We 8 Ast 
Voc = 45V 85 V, lon = 04 mA 
ie eee ee ee eee 

Veo = 4.5, fon = 8 mA 088 05 | 
a STA AB 
wa Vee = BBV. Via 27V Eo i ee 
Pad ec = Va 0 a 
= 
peg ec VSS 





TAIl typical values are at Voc = 5 V, Ta = 25°C. 
*The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Ios. 
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TYPES SN54ALS168B, SN54ALS169B, SN74ALS168B, SN74ALS169B 
SYNCHRONOUS 4-BIT UP/DOWN DECADE AND BINARY COUNTERS 


Voc = 4.5V to 5.5V,_ 

CL = 50 pF. 

RL = 5009, 

Ta = MIN to MAX 
SN54ALS168B SN74ALS168B 
SNS54ALS169B SN74ALS169B 


TO 
(OUTPUT) 


(ee mR RE 


Nol nl a 
= 
o 
NPOLr] @] w 


Nh 
i 
i 


Ww 
~|— 
Oj or 
Ww 


o 





oa 


tPHL 


NOTE 1: For load circuit and voltage waveforms, see page 1-12 of the TTL Data Book, Volume 3. 








7) 
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e) 
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TYPES SN54AS168, SN54AS169, SN74AS168, SN74AS169 
SYNCHRONOUS 4-BIT UP/DOWN DECADE AND BINARY COUNTERS 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, VGC. Sis2. Saree a oie wise Henin a WP ow eas Sol athe Witenes She dhe a ewe eal Pal LR SS 7V 
INDUEVOItAGE: 3 iors SS seis See oe ots Seb eee eras Soa gue tek tear e al Aaah d Mal totes ad alta se dae be Beale Lem ARE dee Mak ye 7V 
Operating free-air temperature range: SN54AS168,SN54AS169 ............. 2-000 ee -55°C to 125°C 

SN74AS168,SN74AS169 .... 0... 0. eee ee eee 0°C to 70°C 
Storage temperaturerange ........ 00. ce ee tees Set aadte Jeter eeiytnge Abts Srcae te -65°C to 150°C 


recommended operating conditions 


SN54AS168 SN74AS168 . 
SN54AS169 SN74AS169 UNIT 
















favecs Genyieagh 7 ee oe es | an eee 
Evia = epbaaleetteusgpe ee ee 
TT TT CT EN 
mies Hier ava our i eo rl 
Tor Lowieve output unent 20 90 
‘etoak Clock frequeney 0 0 
7.7 6.7 | ns _| 
; 
ENP or ENT 


» tsu Setup time before CLKt 





= 
fe) 
> 
Oo 






¢ 
ol 


| ns | 


h Hold time, data after CLKf 
TA Operating free-air temperature 


°o 


S . 
~ 
o 








electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


SN54AS168 SN74AS168 
PARAMETER TEST CONDITIONS SN54AS169 SN74AS169 UNIT 
MIN TyPpt MAX] MIN TyPTt MAX 


vie se = jaca ea a 
C=45VOESV lon=-2mA | veer? sdf Ween® —SO—“C~iCS*d 
ELE RE A 

41 






< 
(o) 





< 


< 
N 
< 


Vv 

Vv 
ENT, UB eC 

= 5.5 V, Vv) = A 
All others cc | Ss On OT 

TENT, U/D 7 4] 
Vv = 5.5 V, Vp =2.7V A 

cc ! aT ae 


> 


ang 


AD, ENT, u/D eee eee 
Vv = 5.5 V, =04V 
tl others, aceite 2 ra 


oO. 
(7K Vo = 228V “30-112 
[tee vee = 5. a3 


TAll typical values are at Voc = 5 V, Ta = 25°C. 
+The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Ios. 


: 


> 





0.5 
0.2: 
40 
20 
2 
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TYPES SN54AS168, SN54AS169, SN74AS168, SN74AS169 
SYNCHRONOUS 4-BIT UP/DOWN DECADE AND BINARY COUNTERS 





"AS168, ‘AS169 switching characteristics (see Note 1) 


~ Veg = 4.5 V to 5.5 V, 
CL = 50 pF, 
ae a RL = 5002, 
PARAMETER Ta = MIN to MAX 
(INPUT) (OUTPUT) ~~ 
SN54AS168 SN74AS168 
SN54AS169 SN74AS169 
MIN MAX | MIN MAX 





















fo ip ed 65 Mii 
aco 5 7s [3 168 





NOTE 1: For load circuit and voltage waveforms, see page 1-12 of the TTL Data Book, Volume 3. 
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TYPES SN54ALS174, SN54ALS175, SN54AS174, SN54AS175 
SN74ALS174, SN74ALS175, SN74AS174, SN74AS175 
assists D-TYPE FLIP-FLOPS WITH CLEAR 


D2061; APRIL 1982> REVISED EEERUArY 1984 






, : eer: ; SN54ALS174, SN54AS174 . . . J PACKAGE 
@ ‘ALS174 and ‘AS174 Contain Six Flip-Flops with SN74ALS174, SN74AS174 . . . N PACKAGE 


Single-Rail Outputs (TOP VIEW) 


@ -‘ALS175 and ‘AS175 Contain Four Flip-Flops with 
Double-Rail Outputs 


Buffered Clock and Direct Clear Inputs 


Applications Include: 
Buffer/Storage Registers 
Shift Registers 
Pattern Generators 





© Fully Buffered Outputs for Maximum Isolation from SN54ALS174, SN54AS174 . . . FH PACKAGE 
External Disturbance (‘AS only) SN74ALS174, SN74AS174 . . . FN PACKAGE 
. 2 . TOP 
® Package Options Include Both Plastic and Ceramic ae ar 
Chip Carriers in Addition to Plastic and Ceramic DIPs CaS l2g 
@ Dependable Texas Instruments Quality and Reliability 
lg 1D/] 4 18 (] 6D 
description 2D115 171] 5D 
These monolithic, positive-edge-triggered flip-flops utilize TTL NC{}6 16 UNC 
circuitry to implement D-type flip-flop logic. All have a direct 2Q1}7 15] 50 





14{]/4D 





clear input and the ‘ALS175 and ‘AS175 feature complementary 3D{}8 








outputs from each flip-flop. 

Information at the D inputs meeting the setup time requirements g =I S x g 

is transferred to the outputs on the positive-going edge of the - 

clock pulse. Clock triggering occurs at a particular voltage level 

and is not directly related to the transition time of the positive- SN54ALS175, SN54AS175 . . . J PACKAGE 
going pulse. When the clock input is at either the high or low SN74ALS175, SN74AS175 . . . NPACKAGE 
level, the D input signal has no effect at the output. (TOP VIEW) 


These circuits are fully compatible for use with most TTL circuits. 


The SN54ALS174, SN54ALS175, SN54AS174, and 
SN54AS175 are characterized for operation over the full military 
temperature range of —55°C to 125°C. The SN74ALS174, 
SN74ALS175, SN74AS174, and SN74AS175 are character- 
ized for operation from O0°C to 70°C. 





SN54ALS175, SN54AS175 . . . FH PACKAGE 
SN74ALS175, SN74AS175 . . . FN PACKAGE 
(TOP VIEW) 


FUNCTION TABLE 
(EACH FLIP-FLOP) 


INPUTS OUTPUTS 


L a ie es 
H HI] Hot 
H eC ee 
H Q9 do 


t ‘ALS175 and 'AS175 only 


ALS AND AS CIRCUITS N, 
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TYPES SN54ALS174, SN54ALS175, SN54AS174, SN54AS175 
SN74ALS174, SN74ALS175, SN74AS174, SN74AS175 
HEX/QUADRUPLE D-TYPE FLIP-FLOPS WITH CLEAR 





logic symbols 
‘ALS174, ‘AS174 ‘ALS175, ‘AS175 


CLR 
CLK 


1D 
2D 


3D 





4D 





logic diagrams (positive logic). 


curl > 
CLK (9) > 





SLINOYIO SV GNV STV Be 





(3) 
1D 1D 
Ck C1 Be {2) 1Q 
Tr 
2D (4) 
am (5) 
opr e O 20 
~ (6) 
3D 
am (7) 
Op O e 3a 
(11) 
4D 
Ld (10) 
e e O 4a 
(13) 
5D : 
Ee (12) 
Op ° « 50 
(14) 
6D 1D 
ams (15) 
O>Cci O 6a 
Be as 
Pin numbers shown are for J and N packages. 
| 4 
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TYPES SN54ALS174, SN54ALS175, SN74ALS174, SN74ALS175 
HEX/QUADRUPLE D-TYPE FLIP-FLOPS WITH CLEAR 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, VCC 1... cnet eee eens paras Goaay Goh dale ae atates tha 7V 
INPUt VOITAGE ais iecs fesse Be Wee ae Oe ee ee weber Le Wiel aes ee, Sale we Sie e ea NS dove 7V 
Operating free-air temperature range: SN54ALS174, SN54ALS175........ 2.0.20. —-55°C to 125°C 

SN74ALS174, SN74ALS175 2... ee ee eee 0°C to 70°C 
Storage temperature range... ee ee eee eee ne ete eee betes -65°C to 150°C 


recommended operating conditions 


SN54ALS174 SN74ALS174 
SN54ALS175 SN74ALS175 UNIT 


Vec_ Supply voltage ras 5 58] 45 5 55 






































vin High-level input voltage ———SCSC~—“—SCS~—“‘“‘“‘~;~;CS;SSC~dSCSCiSCSCSC;~C‘“—;é‘dSSSSSSC~dSCV 
PV _Lowlevelinput voltage SSOSC~—~—SCS—SC‘CSC~C~C~CS~‘TSC~‘~;~;~t CYT OCOC™C~C‘i CYC ~=C' 
Flo High-level output current TO 0 | ma | 
Pou Low-level output curent SSCS SSCS CT SSS Cm 
felock Clock frequency SSSC~C~—~—SCSSSSCSCSCYSCSSCSC~COTSSCSC=« Mi 
; ‘|GRiw tC tT 
tw Pulse duration FOU RGN Ae RO 8 = = 
fekiow SCS SSSCSC~‘iCSTOCSC*~‘“‘C*‘*d’ 
Setup time a a a a 
su before CLKt CLR inactive | 8 | 6 | 
Pin Hold time, data after CLK? SSCSC~C“*‘“*S*S*S*~“—‘~“~*S*é~iSC“‘“ ;*‘*‘“‘“‘SCS*SYSCOCNSC‘(®SN’NNT‘CNC—| 
Ta __ Operating free-air temperature r-55 + 1258 | ~OFT-7Fr—™—~“—«~S CG YJ] 2 
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) DN 
SNS54ALS174 SN74ALS174 so 
PARAMETER TEST CONDITIONS —_ 
MIN TYP’ MAX | MIN: TYPt MAX O 
[vik |Vee = 45, i= —18 mA Le ie ee ee ve | Oe 
Vec = 4.5Vt05.5V lon = -0.4 mA. O 
Vec = 4.5V, lol = 4mA 0.25 0.4 | —_028_ bay | “” 
_ [Wee = 45V io. = 8 mA eres a ae gq 
fh CSCSC*d'Vcece = 5S, V=7V Pst mA 
fin, dV = 8.5, Vj = 2.7V es 
Vec = 5.5V, Vi = 0.4 V ks EX 
eS ST Vo = 2.25 V < 
is cea marly ee a ee eared a 





TAI typical values are at Vec = 5V. Ta = 25°C. 
+The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Ios. 


NOTE 1: I¢¢ is measured with D inputs and CLR grounded, and CLK at 4.5 V. i 





ij 
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TYPES SN54ALS174, SN54ALS175, SN74ALS174, SN74ALS175 
HEX/QUADRUPLE D-TYPE FLIP-FLOPS WITH CLEAR 





switching characteristics (see Note 2) 











Vec = 4.5V to 5.5 V 
CL = 50 pF, 
Ri = 5000 
| PARAMETER nen . = MIN to MAX 
0 
(INPUT) aueaid 


fmax ae 


——— 

Any @ (‘ALS175) ee Bs 18 
Any Q 8 26 8 23 
Any Q 3 174 "36 ———— 46] 
(or G, ‘ALS175) 5 20 5 47 


NOTE 2: For load circuit and voltage waveforms, see page 1-12. 


D flip-flop signal conventions 


It is Tl practice to name the outputs and other inputs of a D-type flip-flop and to draw its logic symbol based on the 
assumption of true data (D) inputs. Then outputs that produce data in phase with the data inputs are called Q and those 
producing complementary data are called Q. An input that causes aQ output to gohighora a output to go low is called 
Preset; an input that causes a Q output to go high or a Q output to go low is called Clear. Bars are used over these pin 
names (PRE and CLR) if they are active low. 


In some applications it may be advantageous to redesignate the data input D. In that case all the other inputs and 
outputs should be renamed as shown below. Also shown are corresponding changes in the graphical symbol. Arbitrary 
pin numbers are shown in parentheses. 





Notice that Q and Q exchange names, which causes Preset and Clear to do likewise. Also notice that the polarity 
indicators (t.) on PRE and CLR remain since these inputs are still active-low, but that the presence or absence of the 
polarity indicator changes at D, Q, and Q. Of course pin 5 (Q) is still in phase with the data input D, but now both are 
considered active-low. 
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TYPES SN54AS174, SN54AS175, SN74AS174, SN74AS175 
HEX/QUADRUPLE D-TYPE FLIP-FLOPS WITH CLEAR 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply‘voltage; VG s.cewe die Pasi Sale San ete gel DES ba OE eee Deets Sea Viet 7V 
IFIUEVOltAGS i t5-c5: 5 So accede BG oes Seteaeiton tac scahtg, oP anh so Ca a Bae ea Bera de es oe eh atl aU Sikse dt ahold a aural de ened 7V 
Operating free-air temperature range: SN54AS174, SN54AS175 .......... 0.0222 eee —55°C to 125°C 

SN74AS174, SN74AS175 2... ee eee 0°C to 70°C 
Storage temperature range ... 6... ee ee ete eee een ene —65°C to 150°C 


recommended operating conditions ‘ 















SN54AS174 SN74AS174 
SN54AS175 SN74AS175 


UNIT 
| MIN NOM MAX | MIN NOM MAX 


before CLKt 


(2) 


LR inactive 




























[Voc Supply voltege A LBL VI 
Vine — High-level input voltage 
Vit___Low-level input voltage oe [ov 
ioH High-level output curent 
lot _Lowlevel output current 
Ftctock Clock frequency TO | F00 |e 
foew 
a 
aera. J 6. 
, : 
tii asec at 
CER Pe carne) ae ees 
a ae LE a! MEL 
0 





th Hold time, data after CLKt . “ 

Ta Operating free-air temperature 55 °c 2 
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) ” 
= 
PARAMETER TEST CONDITIONS SN54AS175 SN74AS175 UNIT _ 
Oo 
rvk -divec= Vv, ue tema CPt vO 
[Von __*(Vec = 4S VO SSV, IO = -2 mA oO 
Po. ‘dec = 4.8 ¥, io. = 20 mA posse] SOT | wy 
cc Sv Wa7v LS A We 

Voc = 5.5, Vis 27V 
Pu idee 8, OAVCdSSSC~C~C—C OSC mA] CO 
Pio? [Vee = 55. Vo = 2.25V =30 12 Z 
a ae | < 
: ” 
ol 
TAll typical values are at Vcc = 5 V, Ta = 25°C. qq 

- The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, logs. 
NOTE 1: Ic¢¢ is measured with D, CLK, and PRE grounded, then with D, CLK, and CLR grounded. 
4% 
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TYPES SN54AS174, SN54AS175, SN74AS174, SN74AS175 
HEX/QUADRUPLE D-TYPE FLIP-FLOPS WITH CLEAR 





‘AS174 switching characteristics (see Note 2) 


Vec = 4.5Vto5.5V 
Cy. = 50 pf, 
R, = 5000 
FROM 
PARAMETER Ta = MIN to MAX 
(INPUT) Pee 
SN54AS174 SN74AS174 


OO 


Psa as 
pass [as —0| 


‘AS175 switching characteristics (see Note 2) 


Vec = 4.5 Vto 5.5 V, 
Cy = 50 pF, 
RL = 50 
PARAMETER eae abit 
(INPUT) einen Ta = MIN to MAX 
SN54AS175 Lea 75 


tPLH =a 
Cc Any QorQ 
=e eee 


aoe 8. 
PHL eG ee ST 




















2? NOTE 2: For load circuit and voltage waveforms, see page 1-12 of The TTL Data Book, Volume 3. 
re 
~” 
2 
oO 
” 
Q 
mS) 
© 
= 
= 
wel 
D 
a ba 
2 
— ye 
ae ae, 
. 
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TYPES SN54AS250, SN74AS250 
1-0F-16 DATA GENERATORS/MULTIPLEXERS 
WITH 3-STATE OUTPUTS 


DECEMBER 1983 — REVISED FEBRUARY 1984 





@ 4-Line to 1-Line Multiplexer that can Select 1 SN54AS250 . .. JT PACKAGE 
of 16 Data Inputs ; : SN74AS250 .. . NT PACKAGE 


ene (TOP VIEW 
@ Applications: } 


Boolean Function Generator | 
Parallel-to-Serial Converter 
Data Source Selector 


@ Buffered 3-State Bus Driver Inputs Permit 
Multiplexing from N Lines to One Line 


® Dependable Texas Instruments Quality and 
Reliability 


description 


The ‘AS250 provides full binary decoding to select one 
of sixteen data sources with an inverting W output. 
The selected sources are buffered with symmetrical 
propagation delay times. This reduces the possibility 
of transients occurring at the output. 





SN54AS250. . . FH CHIP CARRIER PACKAGE 
SN74AS250 . . . FN CHIP CARRIER PACKAGE 
A buffered enable output (G) may be used for n-line- (TOP VIEW) 

to-one-line cascading. Taking the G high will place the 
output in a high-impedance state. In the high- 
impedance state, the output neither loads nor drives 


wo 
lu 
Le 
the bus lines significantly. 4 


on 
uw uw 
Ld LJ 
3.2 








= : : E4{[]5 _ 25[] £10 
The enable (G) does not affect the internal operations e3he 24] E11 
of the data selector/multiplexer. New data can be set E217 : 23[] E12 
up while the outputs are disabled. nc hs 22{] NC 
The SN54AS250 is characterized for operation over E1}J9 214) £13 ” 
the full military temperature range of —55°C to EO |J10 20] E14 _ 
125°C. The SN74AS250 is characterized for opera- Gut 19[} E15 5 
tion from O°C to 70°C. eR O 
rea] 
|= (a) =) 2 Oo < co 
: © 
NC —No internal connection ~” 
Q 
S 
” 
a 
ADVANCE INFORMATION ij Copyright © 1983 by Texas Instruments Incorporated 
ins information : : 
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TYPES SN54AS250, SN74AS250 
1-0F-16 DATA GENERATORS/MULTIPLEXERS 
WITH 3-STATE OUTPUTS 





logic symbol logic diagram (positive logic) 


DATA 
INPUTS 





Pin numbers shown are for J or N packages. 


DATA 
SELECTS 





SLINDYIO SV GNV S1V - 
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TYPES SN54AS250, SN74AS250 
1-0F-16 DATA GENERATORS/MULTIPLEXERS 
WITH 3-STATE OUTPUTS 





FUNCTION TABLE 


INPUT OUTPUT 









> 
Oo 


MDD DE rere ree err er rye 





Treererrrrrrrrrrreree 
prs a a? CE pa? COA pele OP ee a pe CM) ce CH cele ON rod 
K Ele ee ES reel ee le eis 
ME ee ee ee ee 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 













Supply voltage, VCC. w.uiia sien Pen hee Dandar Sands Galdatetwe 5 ke Pe ew tad 9 Stee ays ahha ele we a ed dee 7V 
Input Voltages s<chr cha ik els tetas Seb eae 24 ae breton cei ane Baas Sea are ete dada 7V ? 
Operating free-air temperature range: SN54AS250.. 1... ees —55°C to 126°C 
SN74A8 250) giessrcs Gases ach beeen Seen SS Sacked ale O°C to 70°C 
Storage temperature range «sci c ccc eek ee eee w ee wee ee eae Eee oe ees wae ees ~65°C to 150°C ” 
= 
os 
; - Oo 
recommended operating conditions foal 
Ca To] © 
—” 
| Vcc Supply voltage dL | MO] Og 
[Vin High-level input voltage —SSSCSC~C—‘C;C;~;~;*~S~S~S~‘iCSCS SSSSCSCSC~idT 2d 
[Vi,__towdevelinput voltage —SSSCSC—~‘“—S*S*~*~*~*—~—“‘~;~SC*é~drTSSC‘“C;‘;C rT Vv | CO 
Pion High-level output curent. SSCS STC TCA] SZ 
fot Low-level output current ee) 2 8 
0 70 7) 
q 
Texas W 
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TYPES SN54AS250, SN74AS250 
1-OF-16 DATA GENERATORS/MULTIPLEXERS 
WITH 3-STATE OUTPUTS 





electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

















| __SN54aS250_ | __—SN74AS260_| 

Veo = 48V, = = 18 mA eee er ee 
| 
EN ee ee 
Voc = 45V. lon = —15mA oe ee ee 

| vo. }_ ee Bt Le ay 
Moo stb. Jor ae me Pe ae ee dees OO 

[torn [Vee = 5.8, Vo = 2.7V er ep 
=55V Vo = 04V a Se 
= Wavv a. SSE 

Ws BTV Oa ee 

Vi = 0.4V SRR 2 ee 

Vo = 2.25 V ~30 -112 | -30  -112 | 

Ourputs high +t Si SC*dSSC*‘“‘( MS 

POutputslow +t SS «dT 

Outputs disabled {| 30+ 2048 


TAI! typical values are at Voc = 5 V, Ta = 25°C. 
+The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Ios. 


switching characteristics (see Note 1) 














Vec = 4.5 V to 5.5 V, 
¥) Cy. = 50 pF, 
R1 = 500 0, 
PARAMETER oe 2 R2 = 500 2, 
: (INPUT) {OUTPUT) 
Ta = MIN to MAX 
> | _SN54AS250___—[ __ SN74AS250 
f ~ {| MIN typ’ MAX | MIN” MAX| 
> Bae = er ree ie eee) 
> ae Cae ee 
S SELECT OW 4 13 
| | 7.5 = eee 
tPZH ey aera 
> = 2 7 
n 4 20 
5 ae a 
= tPLZ 
> re 
Q All typical values are at Vcc = 5 V, Ta = 25°C. 
Cc NOTE 1: For load circuit and voltage waveforms, see page 1-12 of the TTL Data Book, Volume 3. 
—_s 
= 
” 
Texas ap 
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TYPES SN54AS298, SN74AS298 
QUADRUPLE 2-INPUT MULTIPLEXER WITH STORAGE 


D2661, DECEMBER 1983 — REVISED FEBRUARY 1984 





@ Selects One of Two 4-Bit Data Sources and SN54AS298 . . . J PACKAGE 
Stores Data Synchronously with System Clock SN74AS298 . . . N PACKAGE 
(TOP VIEW) 


@ Applications: 
Dual Source for Operands and Constants 
in Arithmetic Processor; Can Release 
Processor Register Files for Acquiring 
New Data 


Implements Separate Registers Capable 
of Parallel Exchange of Contents, yet 
Retains External Load Capability 





Has Universal-Type Register for 


Implementing Various Shift Patterns; SN54AS298 .. . FH PACKAGE 
even Has Compound Left-Right Capability SN74AS298 . . . FN PACKAGE 
(TOP VIEW) 


@ Dependable Texas Instruments Quality and 
Reliability 


description 


This quadruple two-input multiplexer with 
storage provides essentially the equivalent 
functional capabilities of two separate MSI 
functions (SN54AS157/SN74AS157 and 
SN54AS175/SN74AS175) in a single 16-pin 
package. 


When the word-select (WS) input is low, Word 1 
(A1, B1, C1, 01 is applied to the flip-flops. A 
high input to the word-select (WS) will cause the NC—No internal connection 











selection of Word 2 (A2, B2, C2, D2). The . ~ 
selected word is clocked to the output terminals - 
on the negative-going edge of the clock pulse. > 
’ The SN54AS$298 is characterized for operation ve 
over the full military range of —55°C to 125°C. — 
The SN74AS298 is characterized for operation O 
from 0°C to 70°C. 7) 
FUNCTION TABLE Q 
INPUTS OUTPUTS Pa 
WORD : 
CLOCK} Qg Og Qc Qp < 
SELECT Yn) 
L + al b1 c1 d1 J] 
H 4 a2 b2 c2 d2 f _q 
x H |Q,~0 Og0 Aco Apo 
H = high level (steady state) 
L = low level (steady state) 
X = irrelevant (any input, including transitions) 
+ = transition from high to low level 
al, a2, etc. = the level of steady-state input at A1, A2, etc. 
Qao, Ogo. etc. = the level of Qa, Og, etc. entered on the 
most-recent { transition of the clock 
input. 
43 Copyright © 1983 by Texas Instruments Incorporated 
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TYPES SN54AS298, SN74AS298 
QUADRUPLE 2-INPUT MULTIPLEXER WITH STORAGE 





logic symbol 





logic diagram (positive logic) 


SELECT 


A2 


B1 





. > B2 
re 
~” 
> ct 
2 
=) c2 
> 
” 
Q D1 
5] 
2 D2 
5 
” 
CLOCK 
Pin numbers shown are for J and N packages. 
| j 
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. TYPES SN54AS298, SN74AS298 
- QUADRUPLE 2-INPUT MULTIPLEXER WITH STORAGE 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltagé,; VCC. see ee See eae eee Rea eG ee OE ea ee wae ele Hk adda boy e ee 7V 
INPUL Voltage: <2/-4 55 ecg os Gas ee eaten, eet g ae w dadh ahd hand, edce Spo: ou caraed soceiw. Ghd isiaveiee mass. qos ls A 7V 
Operating free-air temperature range: SN54AS298 ................ 0000 eee —55°C to 125°C 

SN74AS298 (oo ek Bee ERI ab eA 0°C to 70°C 
Storage temperature range .... 2... ee eee eee eens -65°C to 150°C 


recommended operating conditions 


Vcc Supply voltage Pass 55/45 5 55| V_| 
Vin __HighTevel input vahage ec aaa (Ar eam (A 


















Vit Low-level input vonage oe 
ion__Highlevel outpot current ees ET A 
race omihenmngy eo 
tw Pulse duration, CLK high or low ee eee ee a fe 
a sn es 
Oates 8 8 
ae ry 
=e 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


SN54AS298 SN74AS298 
UNIT 
PARAMETER TEST CONDITIONS MIN Typ? MAX | MIN TYPT MAX 


Voc = 4.5V, i) = —18 mA Pa ee eo 
Veo = 45V 0 6.5 V, Ion = -2mA 
Vcc = 4.5 V. loL = 20 mA 0.35 0.5 0.35 0.5 
mid Veg = BBY, Via7v poe Oe ee 
W 3 ee OE 

Vec = 5.5 V. VW =2.7V 
ws 














IL Ail other _| Vcc = 5.5 V, Vy = 0.4V : 
All other cae 3 eee 
Vec = 5.5 V, Vo = 2.25 V 30 -112 | -30 ~112 | mA | 
ICCH Vec = 5.5 V 21-33 21-33 
Yeo .= Sov , 22036 | 2236 | mA 


TAIl typical values are at Vcc = 5 V, Ta = 25°C. 
+The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, log. 





switching characterisitcs (see Note 1) 


Voc = 4.5V to 5.5 V, 
CL = 50 pF, 
FROM TO RL = 500 2, 
PARAMETER 
(INPUT) (OUTPUT) Ta = MIN to MAX 
SN54AS298 SN74AS298 


ine OO 
se a 
= 2 


NOTE 1: For load circuit and voltage waveforms, see page 1-12 of the TTL Data Book, Volume 3. 
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TYPES SN54AS298, SN74AS298 
QUADRUPLE 2-INPUT MULTIPLEXER WITH STORAGE 





TYPICAL APPLICATION DATA 


This versatile multiplexer/register can be connected to operate as a shift register that can shift N-places 
in a single clock pulse. 


The following figure illustrates a BCD shift register that will shift an entire 4-bit BCD digit in one clock pulse. 


PARALLEL LOAD 


WORD 
SELECT 


CLOCK 





wee ee! a sae! 
DIGIT 1 DIGIT 2 DIGITS 


When the word-select input is high and the registers are clocked, the contents of register 1 is transferred 
(shifted) to register 2, etc. In effect, the BCD digits are shifted one position. In addition, this application 
retains a parallel-load capability which means that new BCD data can be entered in the entire register with 
one clock pulse. This arrangement can be modified to perform the shifting of binary data for any number 
of bit locations: : 


Another function that can be implemented with the ‘AS298 is a register that can be designed specifically 
for supporting multiplier or division operations. The example below is a one-place/two-place shift register. 


* WORD SELECT 
CLOCK 


"AS181A 
oR 
"AS881A 

(acu) | F2 


‘AS1B1A 





When word select is low and the register is clocked, the outputs of the arithmetic/logic units (ALUs) are 
shifted one place. When word select is high and the registers are clocked, the data is shifted two places. 
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TYPES SN54ALS620A THRU SN54ALS623A, SN54AS620 THRU SN54AS623 
SN74ALS620A THRU SN74ALS623A, SN74AS620 THRU SN74AS623 
OCTAL BUS TRANSCEIVERS 


D2661, DECEMBER 1982—REVISED FEBRUARY 1984 








@ Bus Transceivers in High-Density 20-Pin DIP SN54ALS’, SN54AS’.. . J PACKAGE 
and the New Plastic and Ceramic Chip SN74ALS’, SN74AS’ . . . N PACKAGE 
Carriers ; (TOP VIEW) , 

@ Local Bus-Latch Capability 

@ Choice of True or Inverting Logic 

® Choice of 3-State or Open-Collector Outputs 

@ Dependable Texas Instruments Quality and 
Reliability 
DEVICE OUTPUT LOGIC 
. ‘ALS620A, ‘AS620 3-State Inverting 
‘ALS621A, ‘AS621 Open-Collector True 
‘ALS622A, "AS622 Open-Collector Inverting 
‘ALS623A, 'AS623 Bens Tis SN54ALS’, SNS4AS’ .. . FH PACKAGE 

SN74ALS’, SN74AS’ .. . FN PACKAGE 
(TOP VIEW) 


description 


These octal bus transceivers are designed for 
asynchronous two-way communication between data 
buses. The control function implementation allows for 
maximum flexibility in timing. 


These devices allow data transmission from A bus to 
the B bus or from the B bus to the A bus depending 
upon the logic levels at the enable inputs (GBA and 
GAB). 





The enable inputs can be used to disable the device 
so that the buses are effectively isolated. 





The dual-enable configuration gives the octal bus 

transceivers the capability to store data by 

simultaneous enabling of GBA and GAB. Each output reinforces its input in this transceiver configuration. Thus, when 
both control inputs are enabled and all other data sources to the two sets of bus lines are at high impedance, both 
sets of bus lines (16 in all) will remain at their last states. The 8-bit codes appearing on the two Sets of buses will 
be identical for the ‘ALS621A, ‘AS621 and ‘ALS623A, ‘AS623 or complementary for the ‘ALS620A, ‘AS620 and 
"ALS622A, ‘AS622. 


The -1 versions of the SN74ALS’ parts are identical to their standard versions except that the recommended maximum 
IOL is increased to'48 mA. There are no -1 versions of the SN54ALS’ parts. 


The SN54’ family is characterized for operation over the full military temperature range of —55°C to 125°C. The 
SN74 family is characterized for operation from O°C to 70°C. 
FUNCTION TABLE 


ENABLE INPUTS OPERATION 


Gea GAB ‘ALS620A, ‘ALS622A | ‘ALS621A, ‘ALS623A 
‘AS620, ‘AS622 ‘AS621, ‘AS623 
A data to B bus 


ALS AND As circuits BR 


8B data to A bus, B data to A bus, 


. A data to B bus A data to B bus 


L 
H 
i |__tsolation | _tsolation | 
H 
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TYPES SN54ALS620A THRU SN54ALS623A, SN54AS620 THRU SN54AS623 
SN74ALS620A THRU SN74ALS623A, SN74AS620 THRU SN74AS623 
OCTAL BUS TRANSCEIVERS 





logic symbols 


‘ALS620A, ‘AS620 “ALS621A, ‘AS621 ‘ALS622A, ‘AS622 ‘ALS623A, ‘AS623 





Pin numbers shown are for J and N packages. 


logic diagrams (positive logic) 





“ALSG20A, ‘AS620 ‘ALS621A, ‘ASG21 ‘ALS622A, ‘AS622 ‘ALS623A, ‘AS623 
Gea Gea 
GAB GAB 
Al B1 Al B1 
A2 B2° A2 B2 
TO OTHER SIX TO OTHER SIX TO OTHER SIX TO OTHER SIX 
TRANSCEIVERS TRANSCEIVERS TRANSCEIVERS TRANSCEIVERS 
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TYPES SN54ALS620A, SN54ALS623A, SN74ALS620A, SN74ALS623A 
OCTAL BUS TRANSCEIVERS WITH 3-STATE OUTPUTS 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, VCC... eee ee nen eet eee eee pena 7M 
Input voltage: All inputs Saha das eh shietbet ihe: ide Griese ate B28) arte Sk oe Bele ana Ment ey avy ec BOR ew oe Fe ek WARE ae ote heeds 7V 
VOs POMS: oes 8 aide wie cree ala aes. eae Rice WM ca eh obama ee sect gh aire hcg: goede eee a ehalcageh 5.5 V 

Operating free-air temperature range: SN54ALS620A, SN54ALS623A ..............-.. ~—55°C to 125°C 
SN74ALS620A, SN74ALS623A..............0 00005 0°C to 70°C 

Storage temperature range... ... 0... te eee eee pines aed -—65°C to 150°C 


recommended operating conditions 












| Voc Supply voltage C“‘c 8 8] AS 8 UV 
| VIH_High-levelinputvoltage | 2 
et ne co aeRO 
High-level output current 91 Hibs east ee A 
Low-level output current 4] 48t mA 
[| TA Operating free-air temperature dL 85 2S | OT 








= extended limits apply only if Vcc is maintained between 4.75 V, and 5.25 V. 
The 48-mA limit applies for the SN74ALS620A-1 and SN74ALS623A-1 only. 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER TEST CONDITIONS SN54ALS623A SN74ALS623A UNIT 
: Vcc = 4.5V, l= -18mA 


es ee 
Veo =45Vie85V, lon = 04 mA 
Veo = 48V, ric A SRN 
Voc = 48V. SL ee 


Vcc = 4.5 V, ae 24 mA 
(lo. = 48 mA for —1 versions) 
Vcc = 5.5 V, 


= 2.25V 


eT ae aT ETS 
| Outputs disabled | 3352 | 33 
FOutputshigh | Ss? | | 
‘ALS623A = 5. | Outputslow | 395 [38950 | 
| Outputs disabled | 42 GO | 42S 
+All typical values are at Vcc = 5 V, Ta = 25°C 


§For 1/O ports, the parameters I); and !), include the off-state output current. 
{The output conditions have been chosen to produce a current that. closely approximates one half of the true short-circuit output current, los: 








SN54ALS620A SN74ALS620A: 
SNS54ALS623A SN74ALS623A UNIT |. 
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TYPES SN54ALS620A, SN54ALS623A, SN74ALS620A, SN74ALS623A 
OCTAL BUS TRANSCEIVERS WITH 3-STATE OUTPUTS 





‘ALS620A switching characteristics (see Note 1) 


Vec = 4.5 V to 5.5 V, 
CL = 50 pF, 
FROM R1 = 5009, 
PARAMETER (INPUT) anh R2 = 500 2, 
Ta = MIN to MAX 
SN54ALS620A SN74ALS620A 











































= 
fo] 


Nola N =} a] ao 

Nf w NT REN 

wW w Qin 
io 
“LO 


a" 
foe] 





. ‘ALS623A switching characteristics (see Note 1) 


Vec = 4.5 V to 5.5 V, 
Cy = 50 pF, ; 
FROM R1 = 500 0, 
PARAMETER 
(INPUT) ocean R2 = 500 0, 
Ta = MIN to MAX 
SN54ALS623A SN74ALS623A 









NOTE 1: For load circuit and voltage waveforms, see page 1-12 of the TTL Data Book, Volume 3. 


N to NO] a] he 
w a w] oO, on 
NO ol} to Nn 
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Ver = 4.5V, lop = 12 mA : 
VOL Vec = 4.5 V, lo. = 24mA 
(lo = 48 mA for -1 versions) — 





TYPES SN54ALS621A, SN54ALS622A, SN74ALS621A, SN74ALS622A 
OCTAL BUS TRANSCEIVERS WITH OPEN-COLLECTOR QUTPUTS 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc ........-.- dings Batterie Dia Me Basa D 5 Pang cata Wasa te tgs ved asd, anise, aTee wiSy aire aaah wie falls 7V 
Input voltage: All inputs and I/O ports 0.0.0.0... ccc eee eee ene eee nee e eee ..o7NM 
Operating free-air temperature range: SN54ALS621A, SN54ALS622A ...... 0.6 eee -—§5°C to 125°C 

SN74ALS621A, SN74ALS622A ... 0... eee 0°C to 70°C 
Storage temperature range......... Petar eee seh Bie di Sree eteerrane a'siass yb ald aeaceten se ab ees ~65°C to 150°C 


recommended operating conditions . 


SN54ALS621A SN74ALS621A 
SNS4ALS622A SN74ALS622A UNIT 







Vee. Supply voltage [45 5 55| 45 5 58| V__ 
VIM High-level input voltage (ES ee eee 
Vit Low-level input voltage ee OO Obs 
WOH Hiah-isvel ‘output voltage [O™~*~—“—t;~*~sCSCYLSSC“‘#NSNNNNNU CONST OV 

ae) ae Te 
oF ial eal se gy ot 
TA Operating free-air temperature a a 





tThe extended limits apply only if Vcc is maintained between 4.75 V and 5.25 V. 
The 48-mA limit applies for the SN74ALS621A-1 and SN74ALS622A-1 only. 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


SN54ALS621A_ SN74ALS621A ; 
PARAMETER TEST CONDITIONS SN54ALS622A SN74ALS622A UNIT 
MIN TYP MAX | MIN TYP? MAX 


Vec = 4.5 V, l) = -18 mA } Vv] 


Vcc = 4.5 V, VOH = 5.5 V 


Veg = 55V, = 7V 
Voc = 85 BBV 


’ v1 a 
Vv = 5.5V, Vy = 2.7 V 


= : 
A 
Vv 
mA 
mA 


ee 
tputs high 29.40 
muenuen Vee = 8.5 V 
1115 
‘ALS622A Vee = 5.5V ee 


+All typical values are at Vcc = 5 V, Ta = 25°C. 
§For I/O ports, the parameters Ij and lj, include the off-state output current. 


t t 
ee 
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TYPES SN54ALS621A, SN54ALS622A, SN74ALS621A, AN74ALS622A 
OCTAL BUS TRANCEIVERS WITH OPEN-COLLECTOR OUTPUTS 





‘ALS621A switching characteristics (see Note 1) 


Vcc = 4.5 V to 5.5 V, 
CL = 50 pF, 
FROM TO Ri = 6809, . 
PARAMETE 
f (INPUT) (OUTPUT) Ta = MIN to MAX 
SN54ALS621A SN74ALS621A 
MIN MAX 














es 
| se fg 20 | 
eee ee ee 
: a OR SAT Is 
ee 
PHL Bs oe AO A a 
GAB 10 47 [10 39 
tPHL 12 40 12 35 


‘ALS622A switching characteristics (see Note 1) 


Vec = 4.5 Vito 5.5 V, 
_ CL = 50 pF, 
ene FROM TO RL = 6809, 
(INPUT) (OUTPUT) Ta = MIN to MAX 
SN54ALS622A SN74ALS622A 













‘e ee 
2 aa Ss ee 
; : is i 
eo oe eee 
> Bea r ee 
CF [io 40-70 35 
x a 
> | jo 4 |] t0— 88 
= NOTE 1: For load circuit and voltage waveforms, see page 1-12 of the TTL Data Book, Volume 3. 
w” 
© 
a 
'?) 
Cc 
co | 
~” 
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TYPES SN54AS620, SN54AS623, SN74AS620, SN74AS623 
OCTAL BUS TRANSCEIVERS WITH 3-STATE OUTPUTS 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, VCC 2. ee ee ee ee EE eee eee eee 7V 
Input voltage: Allinputs . 2... 6. ee ee ee eee te eee eee eee eee 7V 
VO:POMts? 2-54 Rieaie es MeO Gis AES Se a Rack Ga ated oe WA Bitte ale Oa slate ONES 5.5V 

Operating free-air temperature range: SN54AS620, SN54AS623 ....... ridhletea Secsceeia, natin eee aS -55°Cto 125°C 
SN74AS620, SN74AS623 2... ee ee ees O°Cto 70°C 

Storage temperature range... ee ee es eee eee ee ee ee eee eee es 65 %C to 150°C 


recommended operating conditions 


SN54AS620 SN74AS620 
SN54AS623 SN74AS623 


[Vee Supply votage——SOSCSCSCSCSCS~—SSSCSC‘“‘;~‘~;~r SC 
"Vin Hlghrievel nput vahage SCS 
[Wit Lowlevelinput vonage ——SSSSCSC—C—SC—SCSCSCSYCCC‘“‘“‘ SY 


SN54AS620 SN74AS620 
PARAMETER SN54AS623 SN74AS623 UNIT 
MIN TYPt MAX | MIN TYPt MAX 
ie ae 























TEST CONDITIONS 







Vcc = 4.5 V, || = -18mA 





Vcc = 4.5V, lon = -15mA 
0:30 0.58 ey 
Vec = 4.5 V, lo. = 64 mA 
| Control inputs | Voc = 5.5 V. VW=7V 
Vec = 5.5 V, Vi = 5.5 V 





PA or Bportst | OC = 9-9 ¥. ce al 


| 
1H A or B ports+ 
YL 


Vec = 5.5 V, Vi = 0.4V 


ie 
ALS AND AS CIRCUITS QS} 


be ON oe Vo = 2.25 V 
| Outputs high 35 
‘AS620 74 





Outputs disabled 


ue Outputs high | 
‘A8623 Voc = 5.5 V ECO 
Outputs disabled 71 1 


TAN typical values are at Vcc2 = 5 V, Ta = 25°C. 
tFor 1/0 ports, the parameters |j4 and Ij, include the off-state output current. 
§The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Igs. 


br 
a 
~N 
N 


oo 
sw 
ice] 
Ww 


[ee] 





= 








Veo =4.5Vto5.5V, lon=—-2mA  |Vec-2 Vec~2 5 

‘ Voc = 48V, lon= —3mA_| 2.4 32 fer ae ee : 

oH - [Wee = 48V, lon= —12mA | 2 fee eee, 8 [he 
OL 
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TYPES SN54AS620, SN54AS623, SN74AS620, SN74AS623 
OCTAL BUS TRANSCEIVERS WITH 3-STATE OUTPUTS 


e 





‘AS620 switching characteristics (see Note 1) 




















‘AS623 switching characteristics (see Note 1) 


Vcc = 


FROM TO 
PARAMETER 
— (INPUT) (OUTPUT) 
A 


CL = 
R1 


t 
| A | 


tPHZ 


re 
feed a We oe ae A 


NOTE 1: For load circuit and voltage waveforms, see page 1-12 of the TTL Data Book, Volume 3. 


A 

GBA 
GBA 
GAB 


SLINDUIO Sv GNV Siv Fe 


Vcc = 4.5 V to 5.5 V, 
CL = 50 pF, 
. aaa ue R1 = 5009, 
ac da (INPUT) (OUTPUT) leased 
‘Ty = MIN to MAX 
SN54AS620 SN74AS620 
eee 5 ee ee 
P27 
t Seer 5 ie eee 
: 1 7 
aes 2 ae eee 
a aaa Ta ae eee 
GBA A 
ee a ee 
t a 2 
GBA ; i 7.5 
ars 7 a a 
t eee ee eee 
ae 
Sr Sa is a ee 
t 0 
ae 
= a ee oe 2 








4.5Vto 55 V, 
50 pF, 

500 2, 

500 Q, 

MIN to MAX 
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TYPES SN54AS621, SN54AS622, SN74AS621, SN74AS622 
OCTAL BUS TRANSCEIVERS WITH OPEN-COLLECTOR OUTPUTS 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply Voltage, VCE j.cc ced Sept cg 8 Meese ee we ALS weeeca al Hh a, Sel ae Sb one eae wel Ba ys Males Welles oy shpat atac aie. gre @ 7V 
Input voltage: Allinputs and I/Oports 2.0... ee ee ee eee ees 7V 
Operating free-air temperature range: SN54AS621, SN54AS622... 2.0... ee -—55°Cto 125°C 

‘ SN74AS621,SN74AS622. 0... ee ee O°Cto 70°C 
Storagetemperature range... 2. ee ee ee eee -—65°C to 150°C 


recommended operating conditions 


SN54AS621 SN74AS621 
SN54AS622 SN74AS622 













UNIT 
[Vee Supply vokages——SC~“‘*‘“*S*S*S*S*S*~*C*~‘“‘*“S*~*~C~*~é‘~STCSSSCSC“‘“(S | UC CS 
[Vin High-level input vokage————SSC~—~—SCSCSCSCSCSCSCST 2 SSSC~idC(CSC~dr CV *d 
[Vi_____tow-levelinput voltage ——SsSs=C=~“~*~“—*s*~“‘“‘;SCSC*diSC‘(C(St;StStCO PCC CCS 
[Von High-level output voltage ——SSCSC~=“~*‘“*‘“‘“‘*SCS*srSSC‘“‘SSCSNSC~C<SS PV 
[Tou Low-level output current —=SSSSCSC~—CSCS SSSSCSCS~CS | SSCSC~S CT mA 
Ta Operating free-air temperature 1-55 125{ O 70 { Cc | 





electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


SN54AS621 SN74AS621 
PARAMETER TEST CONDITIONS SN54AS622 SN74AS622 UNIT 
MIN TYPt MAX | MIN TYPt MAX 
ViIK 








ALS AND AS CIRCUITS [Ie 


Vie «de = Westaway 
Voc = #8V, Von=85V [orf St | mA 
; ec SaEN: ion = 48 mA a 
OF Vec = 4.5 V, loL=64mA [| ”~S@Y 035.05] ~ 
| Control inputs__| Voc = 5.5 V. V=7V 
Voc = 5.5V, Ve 6. 
Vv = 5.5V, Vv) =2.7V 
A or B portst ce I 
Control inputs OS OS | 
| Control inputs |) gy ecinealy 
= 
[Outputshigh | Sia] CSCC | 
‘AS621 Vee = 5.5 V Outputs high 48 9 48 79 
fae 116189 116189] 
" m 
AS622 Vee = S.6V Outputs high - 24 39 24 39 
F Ourpuss iow | 63103 63103 
TAll typical values are at Vcc = 5 V. Ta = 25°C . 
tFor /O ports, the parameters 1)4 and 1), include the off-state output current. 
U 
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TYPES SN54AS621, SN54AS622, SN74AS621, SN74AS622 
OCTAL BUS TRANSCEIVERS WITH OPEN-COLLECTOR OUTPUTS 





‘AS621 switching characteristics (see Note 1) 
















‘AS622 switching characteristics (see Note 1) 









Vcc = 4.5 V to 5.5 V, 
Cy = 50 pF, 
FROM TO Ry, = 5002, 
PARAMETER 
(INPUT) (OUTPUT) Ta = MIN to MAX 
|__SN54AS621__—|_—SN74AS621 
; mas [52a] 
eR 2 a 
mi ee SS <a RAE 
a ee 
= ; 5 zi 
0 
3 a i Ty 
— 5 26 | 8 22 
PS A 





UNIT 





Vcc = 4.5 Vto 5.5 V, 
CL = S50pF, 
FROM Ry = 5002, 
PARAMETER re b= 8 
(INPUT) (OUTPUT) Ta = MIN to MAX 
[“SNBGASE22__[_ SNV4ASE22 
min MAX [MIN MAX | 
; EY OE 
os 
2 a a a Ae ee 
a eee 2 ee eee 
| tPLH a ee ee 
> | "| 
raat es ees To ee ees 
t ee ee <n 
a ae 5 26 [8 23 
> po 10.5 | 
a NOTE 1: For load circuit and voltage waveforms, see page 1-12 of the TTL Data Book, Volume 3. : 
—” 
© 
5 
¢ 
= 
=| 
i?) 
% 
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TYPES SN54ALS646 THRU SN54ALS649, SN54AS646, SN54AS648 
SN74ALS646 THRU SN74ALS649, SN74AS646, SN74AS648 
OCTAL BUS TRANSCEIVERS AND REGISTERS 


D2661, DECEMBER 1982—REVISED MARCH 1984 






Independent Registers for A and B Buses SN54ALS’, SN54AS’ .. . JT PACKAGE 
. : SN74ALS’, SN74AS’ .. . NT PACKAGE 
Multiplexed Real-Time and Stored Data (TOP VIEW) 


Choice of True or Inverting Data Paths 


Choice of 3-State or Open-Collector Outputs 


Included Among the Package Options Are 
Compact 24-pin 300-mil Wide DIPs and 
Both 28-pin Plastic and Ceramic Chip 





Carriers 
@ Dependable Texas Instruments Quality and © 
Reliability 
DEVICE OUTPUT LOGIC 
"ALS646, ‘AS646 = 3-State True 
"ALS647 Open-Collector True 
‘ALS648, 'AS648 = 3-State Inverting eNBAALS”: ENBAAS Fil PACKAGE 
ed Cpen-Collector. “ slnverting SN74ALS', SN74AS’ .. . FN PACKAGE 
eels (TOP VIEW) 
description 
: 2 oe S < < 
These devices consist of bus transceiver circuits . BGEOSSsOR 
with 3-state or open-collector outputs, D-type CITI] 


flip-flops, and control circuitry arranged for 
multiplexed transmission of data directly from 
the input bus or from the internal registers. Data 
on the A or B bus will be clocked into the 
registers on the low-to-high transition of the 
appropriate clock pin (CAB or CBA). The Aa ts 214, B3 












following examples demonstrate the four im 191 BS id) 
fundamental bus-management functions that ~ AS - 
can be performed with the octal bus transceivers = 
and registers. : P 2 2 ] eas - 
Enable (G) and direction (DIR) pins are provided — 
to control the transceiver functions. In the O 
transceiver mode, data present at the high-impedance port may be stored in either register or in both. The ” 
select controls (SAB and SBA) can multiplex stored and real-time (transparent mode) data. The direction ef 
control determines which bus will receive data when enable G is active (low). In the isolation mode (control a 
G high), A data may be stored in one register and/or B data may be stored in the other register. > 
When an output function is disabled, the input function is still enabled and may be used to store and transmit <q 
data. Only one of the two buses, A or B, may be driven at a time. ”) 
The —1 versions of the SN74ALS’ parts are identical to the standard versions except that the recommended a 
maximum IoL is increased to 48 milliamperes. There are no —1 versions of the SN54ALS’ parts. 
The SN54’ family is characterized for operation over the full military temperature range of — 55°C to 125°C. 
The SN74’ family is characterized for operation from O°C to 70°C. 

i Copyright © 1982 by Texas Instruments Incorporated 
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TYPES SN54ALS646 THRU SN54ALS649, SN54AS646, SN54AS648 
SN74ALS646 THRU SN74ALS649, SN74AS646, SN74AS649 
OCTAL BUS TRANSCEIVERS AND REGISTERS . 








(21) (3) (1) (23) (2) (22) (21) (3) (4) (23) (2) (22) 


G DIR CAB CBA SAB SBA G DIR CAB CBA SAB SBA 


L L X HorL X L L H HorL X L x 


REAL-TIME TRANSFER 
BUS A TO BUS B 


REAL-TIME TRANSFER 
BUS B TO BUSA 


BUSB 
BUSB 


\ee poem! 


(21) (3) (1) (23) (2) (22) 
G DIR CAB CBA SAB SBA 
x x t x x Xx 
x x x t Xx Xx 
H x t t X x 


STORAGE FROM 
A, B, OR A ANDB 


Nema, soe! 


(21) (3) (4) (23) (2) (22) 
G- DIR CAB CBA SAB SBA 
L tL x xX xX H 
LH xX xX. HX 
TRANSFER 
STORED DATA 
TOAORB 
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TYPES SN54ALS646 THRU SN54ALS649, SN54AS646, SN54AS648 
SN74ALS646 THRU SN74ALS649, SN74AS646, SN74AS648 
OCTAL BUS TRANSCEIVERS AND REGISTERS 





FUNCTION TABLE 


INPUTS DATA I/O* OPERATION OR FUNCTION 


DIR CAB CBA _ SAB_ SBA |} A1 THRU A8 | B1 THRU B8 , ‘AS646 "AS648 
X T Not specified Input Store B, A unspecified Store B, A unspecified 
rows jee | tt | te tno | inn ttre 
Isolation, hold storage Isolation, hold storage 
[ovo | tot | SeestneruAne’ | SmeiBonmieae 
Stored B Data to A Bus Stored B Data to A Bus 
[et | ont | vaDennson | swesA beater 
Input Output a 
H x Xx H x Stored A Data to B Bus Stored A Data to B Bus 
“The data output functions may be enabied or disabled by various signals at the G and DIR inputs. Data input functions are always enabled, i.e., data at the bus 
pins will be stored on every low-to-high transition on the clock inputs. 





x «KIO 







HorlL Hort 









Crjrt 








x Xx 
x xX Xx 
xX Xx X 
x x Xx 
L Xx L 
L xX H 
H L x 


c 


functional block diagrams (positive logic) 


ALS646, 'AS646, ‘ALS647 ‘ALS648, ‘AS648, 'ALS649 





TO 7 OTHER CHANNELS TO 7 OTHER CHANNELS 


Pin numbers shown are for JT and NT packages. 








ALS AND AS CIRCUITS FINE 
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TYPES SN54ALS646 THRU SN54ALS649, SN54AS646, SN54AS648 
SN74ALS646 THRU SN74ALS649, SN74AS646, SN74AS649 
OCTAL BUS TRANSCEIVERS AND REGISTERS 





logic symbols 


‘ALS646, ‘AS646 ‘ALS647 


3ENt [BA] 
3EN2 [AB] 








G3 
> 3EN1 [BA] 3EN1 [BAI 
| iad 3 EN2 [AB] 3 EN2 [AB] 
n” 
> 
2 
0 
> 
” 
© 
a 
'?) 
c 
a 
” 
Pin numbers shown are for J and N packages. 
‘ : Hi 12€ 
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- TYPES SN54ALS646, SN54ALS648, SN74ALS646, SN74ALS648 
OCTAL BUS TRANSCEIVERS AND REGISTERS WITH 3-STATE OUTPUTS 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage; VEC «is ase, ecb pee ihe ere ee ae ae Na Sadi a eld ga eta eae eer Rsiate: ee eee ass 7V 


Input voltage: Controlinputs . 0... ee ee ee ee ee ee eee 7V 
TO: POMS: 50.5 be giaredesd See G eta lel dete ee ae ht ae SERGE I Aa BED seh Sw wy wea Se RSs .5.5V 

Operating free-air temperature range: SNS54ALS646, SN54ALS648............. Sas Ae ete —55°Cto 125°C 
SN74ALS646, SN74ALS648 ... 0.0... ee ee es 0°C to 70°C 


Storage temperaturerange.... ee ee ee eee —65°Cto 150°C 
recommended operating conditions : 


SN54ALS646 SN74ALS646 
lan “ou San ROM A UNIT 


Supply voltage ars 4.5 5.5 a 






a High-level input voltage 
Low-level input voltage ee eee 


High-level output current ee) See ae 

Low-level output current : 2 | — 4) m 
Tcock _Closk frequency a a ee 
tw Pulse duration, clocks high or low ; fe ee le 
teu Setup time, A before CAB! or B before CBAT a ae 

th Hold time, A after CABT or B after CBAT ae ee eres 
TA Operating free-air temperature P-55 2B | O70 | 


tThe extended condition applies if Vcc is maintained between 4.75 V and 5.25 V. 
The 48-mA limit applies for the SN74ALS646-1 and SN74ALS648-1 only. 








electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER TEST CONDITIONS SN54ALS648 SN74ALS648 UNIT 
VK C*d emt Pt 
Veo = 45 V: id= —3mA | 2.4 32 | 24 32 
[Wee =45V,tow=-12ma | 2s SSSCS~™Y CY 
= ABN, Tei a ey aE 
[Veo =45V, tor =12mA | 0.25 04] 028 oa | 


Vec = 4.5 V, loL = 24mA 
(lol = 48 mA for -1 versions) 
Control eres Vec = 5.5 V, 


AorB | AorBports | Vcc = 5.5 Vi Vp= 5.5 V 


- ee one nede = 5.5 V, Vj=2.7V 


AorB | AorBports§ | 


-* aereae SE US rae Gib Vi; Vv) =0.4V 


AorB | AorBportss | 


1 lof  ——————sSSsVee = 5.5V, Vo = 2.25 V 
Outputs high 
"ALS646 Outputs low 
Outputs disabled 
Outputs high 
"ALS648 Outputs low 
; Outputs disabled 


+All typical values are at Voc = 5 V, Ta = 25°C 

§For I/O ports, the parameters lj} and |, include the off-state output current. 

{The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, los. 
Additional information on these products can be obtained from the factory as it becomes available. 





PRODUCT PREVIEW 
This page contains information on a product under TEXAS 
development. Texas Instruments reserves the right to 
change or discontinue this product without notice. INSTRUM ENTS 
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TYPES SN54ALS646, SN54ALS648, SN74ALS646, SN74ALS648 
OCTAL BUS TRANSCEIVERS AND REGISTERS WITH 3-STATE OUTPUTS 





‘ALS646 switching characteristics (see Note 1) 


Vec = 4.5 Vto5.5V, 
Cy = 50 pF, 
R1 = 500 2, 
PARAMETER Bani aaa a = 5002, 
MIN to MAX 
eee ete eens 


-—tmex___| 
GuK CAR rea 
| tPHE 


a 
PLH AorB BorA 
SBA or SAB? 
AorB 
| tPHL (with A or B high) 
SBA or SABE 
AorB 
| tPHE (with A or B low) 


AorB 
tPZL 
t ae ee ae ee 
Roce 
2-H at cee ae ees 


fo 
AorB 
ae eee eae eee 


pee OP 5 el 
AorB 
. ae eee ae 


‘ALS648 switching characteristics (see Note 1) 


Vcc = 4.5V to 5.5 V, 
Cy. = 50 pF, 
R1 = 5002, 
PARAMETER rom recs a = 500 Q, 
= MIN to MAX 
| 


2 


tAll typical values are at Vcc = 5 V, Ta = 25°C. 
+These parameters are measured with the internal output state of the storage register opposite to that of the bus input. 
Additional information on these products can be obtained from the factory as it becomes available. 
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ul p= Heat el ine voliaee level inet voltage | vet 
a es or 
[Vou High-level output votags—=SC~C*~—“—*~“‘“‘*‘“~;C;S;*CS*dSSC“‘CSCS(#CC‘“SST OUST VI 
lot Low-level output current | 
|_fotock Clock frequency, Mi | 
[tw Pulse duration, clocks high orlow _——SsSCS~—~d SSCS Si | 
| tsu__——Setuptime, Abefore CABTorBbeforeCBAT | ts 
[th Hold time, A after CABT or B after C@At——SSCSC~iCSSC“‘“‘CSSSC+iYSSCSCSSC*dCs 
[ta Oper teat iompertiye =a nas [9 ao re 


TYPES SN54ALS647, SN54ALS649, SN74ALS647, SN74ALS649 
OCTAL BUS TRANSCEIVERS AND REGISTERS WITH OPEN-COLLECTOR OUTPUTS 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, VCC... ee eee Pecans thi di ava toe tatcatnatte coven loth a shesmscea a auth Oe teenies 7V 
INDUt VOlLEGE. 5 psdecee Pe scien Set wah whe wee Ae aed Be SNS eee ds A ie aleccatae ser scene wae boat SER s 7V 
Operating free-air temperature range: SN54ALS647, SN54ALS649 . 1... ee -55°Cto125°C 

SN74ALS647, SN74ALS649 .. 0... Le ee ee 0°C to 70°C 
Storage temperature range. 2... ee ee ee ee eet eee tee ee eens -65°Cto 150°C 


recommended operating conditions 


SN54ALS647 SN74ALS647 
an NON Sane non ae UNIT 


Supply voltage a ig a eee 




















tThe extended condition applies if Vcc is maintained between 4.75 and 5.25 V. 
The 48-mA limit applies for the SN74ALS647-1 and SN74ALS649-1 only. 






































electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 
SN54ALS647 SN74ALS647 
PARAMETER TEST CONDITIONS SNS4ALS649 SN74ALS649 
MIN TYP+ MAX | MIN TYPt MAX 
Veg = 45V, pete fag Pos Pv 
Pion SS—~«*dC C= BV, Von = 5.5 V 
Veo = 45V, lo. = 12 mA en ee 
Vcc = 4.5 V, loL = 24 mA Vv 
(lo. = 48 mA for -1 versions) 
Veo = 85 V, Vie V ia eg SON | 
[ Control inputs | Veo = 5.5. Wav Se 
ee Ser y 
Vec = 5.5V. V| = 2.7 
woe [Control inputs_| VCC = °° ea ee Ona 
fe ON | 
Vcc = 5.5 V, Vv, = 0.4 
eee ete Oe 
er Ouputshigh | oz? SidT SC 
[Ouputsiow | oz —s«i|~=S=sSiCd 
nee Outputshigh [0ST SC OSC«dSC 
foupusiow | os Ss CSCd 
+All typical values are at Vcc = SV, Ta = 25°C 
§For l/O ports, the parameters Ij} and Ij, include the off-state output current. 
Additional information on these products can be obtained from the factory as it becomes available. 
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SLINDYID SV GNV STV | Ds) 


TYPES SN54ALS647, SN54ALS649, SN74ALS647, SN74ALS649 
OCTAL BUS TRANSCEIVERS AND REGISTERS WITH OPEN-COLLECTOR OUTPUTS 





‘ALS647 switching characteristics (see Note 1) 














FROM 
(INPUT) aie 











PARAMETER 
= MIN to MAX 





















Sena, SN74ALS647 
MIN TYPt MAX |] MIN TYPt MAX 
Paps gs Se ee ee ae MHz 
t ae eee ae eee 
ere ate 
ees Care ES, eed 
t ae ae eee ee 
parte 
Ee aes a eee 
SOA or SAG eat ae ee 
; AorB 
(with A oF 8 high os aie a ee 
SBA or SABI ee 
: AorB 
fetta 68 be Po 6 | 
RL een ee eer 
| tpHL Cid _AorB ac a 7 ns 
t eee 7 eee eee | eae 
PLH AorB 
TPH at A = ees Sd 





“ALS649 switching characteristics (see Note 1) 


Vcc = 4.5 V to 5.5 V, 
CL = 50 pF, 
FROM Ry = 680 2, 
PARAMETER 
” (INPUT) ‘aired Ta = MIN to MAX 
SN54ALS649 SN74ALS649 
MIN TYPt MAX | MIN TYPt MAX 


ee ae is [ae eee eee ee Nein (GT 









a ae eee ee ee 
i CBA or CAB AorB 
SS ae eee eee 





ito AorB BorA 
tPHL : 






Sa or SAS eae | eae ST ea 
; ; AorB 

twith Aor B high eae 

SBA or SAB! aay (ancl ena ees) 
; AorB 

(with A or B low) aes es Be ee 

eh ia eal 
B 

ee 7 

a eee a ee 
PLH AorB 

Se a ie ees 





TAll typical values are at Vcc = 5 V, Ta = 25°C. 

+These parameters are measured with the internal output state of the storage register opposite to that of the bus input. 
NOTE 1: For load circuit and voltage waveforms, see page 1-12. 

Additional information on these products can be obtsined from the factory as it becomes available. 
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- ‘TYPES SN54AS646, SN54AS648, SN74AS646, SN74AS648 
OCTAL BUS TRANSCEIVERS AND REGISTERS WITH 3-STATE OUTPUTS 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, VCC... 2. eee ee ee ee es be G sen hte sive Sabin tee sand aed oo Sl OARS oe 7V 
Input voltage: Controlinputs .. 0... eee ee eee eee wid Aiea eae g 7V 
W/O POTS eich eee eee kw Ae aisia esr ae ti Saale Pena P Ne Mae e a ae ALE eee iw: G 5.5V 

Operating free-air temperature range: SNS4AS646, SN54AS648 ........ ee ee ee -—55°C to 125°C 
SN74AS646, SN74AS648 ... 0... ee ees 0°Cto 70°C 

Storage temperature range... 0... ee ee ee ee ee te ee ete —65°C to 150°C 


recommended operating conditions 


SN54AS646 SN74AS646 
SN54AS648 'SN74AS648 UNIT 


[Wee Supplyvolage——SCSC~—“~“—*S*~“‘“‘*S*S*S*S*S*S~S~“~d CC OT 
[Vin __Highrlevel input votage SSCS CCC 
[Wir Low-level input voltage ———SCSCSCSC~S~SCSCSSCOCSC“‘“‘“CNCCOS CSC 
[To ___Highvievel output eurrent___——SSSSCSCSCSS Ot | | 
[ToL Low-level output eurrent__—SSSSSSSSSid SSB 

ree ee oe 


























[tea Setup time, A before GAB or B before CBAT__——=S~‘(CsS)SCSC~idSiSCSCS*~wdSC 
th Hold time, A after CABT or B after CBAT PO Oe ae 
TA Operating free-air temperature 









electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 















SN54AS646 SN74AS646 
PARAMETER TEST CONDITIONS SN54AS648 SN74AS648 UNIT 
MIN TYPt MAX MIN TYPt MAX ~” 
Veo = 48, je-tema | te] | | OU 
Voc = 4.5 Vto5.5V, IoH = -2mA Voc -2 Vec-2 = 
Voc = 48V, loH= SMA [ 24 32 | 24 32 ~~ O 
ee Voc = &. Poo i 
ee ee O 
Voc = 48, lor=46mA | ods OBS|SCSC~* 
Voc = 45, p= Sema [Te] | 
Veo = 5.5, Vi=7V ee! 5 eee 5 eet 
Vee = 5.5, Wesev | )OCCOCC~‘C~ iY a 
TCO SC~“C~«SOS 2 
V = 5.5 V, Vv; = 2. A 
i: ere oes et ‘ <q 
Control Inputs se 
| | Control inputs —_| Vv = 5.5V, =0.4V A ~Y 
aneed “I Bal eal 
Vo=225V | -30 112 | ~30 =112 <x 
Outputs high | —-'120~~+198 | ——~—=*120.—*198 | 


Pouputsiow | 130211] 130211 | 
Outputs disabled [| 130211 | 130211] | 
[Outputshigh | 110185] 110 186 | 
Outputstow | _120_198| 120195, 

tAll typical values are at Vcc = 5 V, Ta = 25°C 


tFor W/O ports, the parameters l)q and lj, include the off-state output current. 
§The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, log. 
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Vec = 4.5 Vto 5.5 V, 
, CL = 50 pF, 
: aoe = R1 = 500Q, 
ail (INPUT) joureuT) ee ay 
Ta = MIN to MAX 
SN54AS646 SN74AS646 
| fmax ee ee =| 
2 OB 2 88 | 
tal CBA or CAB AorB 
Pp 2 Sit] t—“;i‘i‘s‘*”C 
ee ee ees 
. B B 
en ce Oe cc eee 
SBA or SABT ia aE 8 ee ee 
3 P AorB 
(with A or B high) ak ess ee ee 
a | ee 
eee ee eee 
[| tPzH Pre a | ee 
ee ee ee eee ee 
i See 
po ADT 80, 





TYPES SN54AS646, SN54AS648, SN74AS646, SN74AS648 
OCTAL BUS TRANSCEIVERS AND REGISTERS WITH 3-STATE OUTPUTS 





‘AS646 switching characteristics (see Note 1) 
























‘AS648 switching characteristics (see Note 1) 





2 Vec = 4.5 V to 5.5 V, 
: C,_ = 650 pF, 
FROM ; To R1 = 6002, 
> cea ial (INPUT) (OUTPUT) eae ere 
nH Ta = MIN to MAX 
> : SNS5S4AS648 SN74AS648 
= [im |  +i| —SdT 7 —~<CS~sésd:S SSS 
) PL er ae 1 Rae ET 
CBA or CAB AorB 
> tPHL aes ee eee 
t , ee aes 
n” pte AorB BorA 
oO | tH 
eu SBA or SABI nas 
WJ tPHL (with A or B high) ene a eee 
© aay 
= ee 
oma 
= i ae 
” a ie 
218} ag | 
PLZ ee Le 
tThese parameters are measured with the internal! output state of the storage register opposite to that of the bus input. 
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TYPES SN54ALS651 THRU SN54ALS654, SN54AS651, SN54AS652 
SN74ALS651 THRU SN74ALS654, SN74AS651, SN74AS652 
OCTAL BUS TRANSCEIVERS AND REGISTERS 


02661, DECEMBER 1983—REVISED MARCH 1984 





Bus Transceivers/Registers SN54ALS’, SN54AS' .. . JT PACKAGE 
SN74ALS’, SN74AS' .. . NT PACKAGE 
(TOP VIEW) 


Independent Registers and Enables for A and 
B Buses 


@ Multiplexed Real-Time and Stored Data 
Choice of True and Inverting Data Paths 


@ Choice of 3-State or Open-Collector Outputs 
to A Bus 


® Included Among the Package Options Are 
Compact 24-Pin 300-mil-Wide DIPs and 
Both 28-Pin Plastic and Ceramic Chip 
Carriers 


@ Dependable Texas Instruments Quality and 





Reliability 
DEVICE A OUTPUT B OUTPUT LOGIC SNS54ALS’, SN54AS’ .. . FC PACKAGE 
‘ALS651, ‘AS651 3-State 3-State Inverting SN74ALS’, SN74AS’ .. . FN PACKAGE 
*“ALS652, ‘AS652 3-State 3-State True (TOP VIEW) 
‘ALS653 Open-Collector 3-State Inverting 
“ALS654 Open-Collector 3-State True 
description 


These devices consist of bus transceiver circuits, 
D-type flip-flops, and control circuitry arranged 
for multiplexed transmission of data directly from 





ALS AND AS CIRCUITS [INE 


the data bus or from the internal storage 
registers. Enable GAB and GBA are provided to 
control the transceiver functions. SAB and SBA 
contro! pins are provided to select whether real- 
time or stored data is transferred. A low input 
level selects real-time data, and a high selects 
stored data. The following examples 
demonstrate the four fundamental bus- NC — No interna! connection 
management functions that can be. performed 
with the octal bus transceivers and registers. 
Data on the A or B data bus, or both, can be stored in the internal D flip-flops by low-to-high transitions 
at the appropriate clock pins (CAB or CBA) regardless of the select or enable contro! pins. When SAB and 
SBA are in the real-time transfer mode, it is also possible to store data without using the internal D-type 
flip-flops by simultaneously enabling GAB and GBA. In this configuration each output reinforces its input. 
Thus, when all other data sources to the two sets of bus fines are at high impedance, each set of bus 
lines will remain at its last state. 
The — 1 versions of the SN74ALS651 through SN74ALS654 are identical to the standard versions except 
that the recommended maximum IoL is increased to 48 milliamperes. There are no —1,versions of the 
SN54ALS651 through SN54ALS654. 
The SN54’ family is characterized for operation over the full military temperature range of — 55°C to 125°C. 
The SN74’ family is characterized for operation from O°C to 70°C. 

,. Copyright © 1983 by. Texas Instruments Incorporated 
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TYPES SN54ALS651 THRU SN54ALS654, SN54AS651, SN54AS652 
SN74ALS651 THRU SN74ALS654, SN74AS651, SN74AS652 
OCTAL BUS TRANSCEIVERS AND REGISTERS 





GAB GBA CAB CBA SAB SBA GAB GBA CAB CBA SAB SBA 
L L x x x L H H x x L x 
. REAL-TIME TRANSFER REAL-TIME TRANSFER 


. BUS B TO BUSA BUS A TO BUS B 





GAB GBA CAB CBA SAB SBA GAB GBA CAB CBA SAB SBA © 
x H t x x xX ace H tL HorL HorL H H 
tL x xX t x xX 
tL oH t. ot x xX 
STORAGE FROM | , TRANSFER 
A AND/OR B STORED DATA 
: TO A AND/OR B 


SLINDYID SV GNV STV as 
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TYPES SN54ALS651 THRU SN54ALS654, SN54AS651, SN54AS652 
SN74ALS651 THRU SN74ALS654, SN74AS651, SN74AS652 
OCTAL BUS TRANSCEIVERS AND REGISTERS 





FUNCTION TABLE 


INPUTS DATA I/O* OPERATION OR FUNCTION 











pei all Be Sle al 0 ee 
x 


xIilrer 
<x «K/Z clK &KIxK x 


x 










x 
=x 


‘ALS651, ‘ALS653 ‘ALS652, 'ALS654 
GAB GBA} CAB’ CBA | SAB_ SBA | A1 THRU A8 | B81 THRU B8 ‘AS651 "AS652 
H Horl Horl x xX tsolation Isolation 
Input Input 
H t t x Store A and B Data Store A and 8 Data 
H t HorL xX Not specified Store A, Hold B Store A, Hold B 
H T t x Output Store A in both registers Store A in both registers 
x HorL t x Not specified Hold A, Store B : Hold A, Store B 
L 1 T x Output Store B in both registers Store B in both registers 
L 4 Xx Xx Surou Real-Time B Data to A Bus | Real-Time B Data to A Bus 
utpu oe 
L X Hort] xX e Stored B Data to A Bus | Stored B Data to A Bus 
H x Xx L Real-Time A Data to B Bus | Real-Time A Data to B Bus 
Input Output = 
H HorLl x H Stored A Data to B Bus Stored A Data to B Bus 
Tn re oer once ae Bia Stored A Data to B Bus and|Stored A Data to B Bus and 
or or utpu . u oe 
e oe Stored B Data to A Bus Stored B Data to A Bus 
* The data output functions may be enabled or disabled by various signals at the GAB and GBA inputs. Data input functions are always enabled, i.e., data at the 
bus pins will be stored on every low-to-high transition on the clock inputs. 


logic diagrams (positive logic) 


‘ALS651, ‘AS651, ‘ALS653 ‘ALS652, ‘AS652, ‘ALS654 


10F 8 
CHANNELS 

















TO 7 OTHER CHANNELS TO 7 OTHER CHANNELS 


Pin numbers shown are for JT and NT packages. 
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TYPES SN54ALS651 THRU SN54ALS654, SN54AS651, SN54AS652 
SN74ALS651 THRU SN74ALS654, SN74AS651, SN74AS652 
OCTAL BUS TRANSCEIVERS AND REGISTERS 





logic symbols 


“ALS651, ‘AS651 : , ‘ALS652, 'AS652 


SLINDYIO SV GNV S1V Bb 





Pin numbers shown are for JT and NT packages. 
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TYPES SN54ALS651, SN54ALS652, SN74ALS651, SN74ALS652 
OCTAL BUS TRANSCEIVERS AND REGISTERS 


OOOO ey 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, VEC... sie va eee ae ee ee ee Se ea Ree Ree wl, pital Leman nate hae es ate 7V 
Input voltage: Controlinputs ©... 1 ee eee eee eee ee ae 7V 
WO ports? 6258. oh 0 2c tine en: Sh Renew eee eked daa Suds caslnetemni ao. ate-ae aria e. aneeahers 5.5V 

Operating free-air temperature range: SN54ALS651,SN54ALS652............ 0.020 eee -55°Cto 125°C 
SN74ALS651,SN74ALS652 ....... 0.2... cee ee eee O0°C to 70°C 

Storage temperature range... 1. et ee eee ee eens -65 °Cto 150°C 


recommended operating conditions 






ee eee ee ee v 

| Vin High-level input voltage 

| Vin sLow-level input voltage BT 

| 10H High-level output current tT 5 | ma 
be om | 
Lannie er ee Pe (a 
Heat ee ee 


lot Low-level output current 


fclock Clock frequency 


= Peisecuesi |CBAorCABhigh [| 

| | CBAorcABlow fT 
|_tsu_____ Setup time before CaBTorcBat | AorB | Ps 
—in___Held time ster CABt or BAT] Aor fd 
. 1A ___Opsrating freee temperature ________[-85 __tas|_o ___zo| ve | 






tThe extended condition applies if Vcc is maintained between 4.75 V and 5.25 V. 
The 48-mA limit applies for the SN74ALS651-1 and SN74ALS652-1 only. 








electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 2 
| 
PARAMETER TEST CONDITIONS SN54ALS652__—sj. SN74ALS652 
Vee = 4.5 V, = -18 mA i ag 
Veo = 4.5 Vi068.5V, Ion = 0.4 mA Wi 
| Veo = 4.5, ion= =3mA | 2.4 32 | 24 33 O 
mole Veo = 4.5, 7 Oh el RO) SERS | 
| 
Vec = 4.5 V, lon = —-15mA | oO 
Veo = 4.5, in=t2mA [025 04 | 028 04, on 
(lol = 48 mA for —1 versions) 
Py _peemstiese [oc = BS. AR aA XU EST TH eG a 
PA orBpons | Vee = 8.5, i=56V | ort S—i 2 
yy eemtelineats__ eee pa a | < 
ees ee ” 
P= 01 | 
eH seer Ea < 
Plof Cd ee = 5, =2.25V_ |-30  -112 | -30 = 112 | ma_| 
| Outputshigh | 52] 
‘ALS651 | Outputslow | 7 TB 
Outputs disabled |  —ss—ss58 | BB 
oe Secs ane aT 
‘ALS652 as ee ee ee 
| Outputs disabled | 568] 
+All typical values are at Vcc = 5 V, Ta = 25°C 
§For I/O ports, the parameters lj} and Ij, include the off-state output current. 
{The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, los: 
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SN54ALS651 SN74ALS651 
ain hon as UNIT 








TYPES SNS54ALS651, SN54ALS652, SN74ALS651, SN74ALS652 
OCTAL BUS TRANSCEIVERS AND REGISTERS 





‘ALS651 switching characteristics (see Note 1) 


Vec = 4.5 Vto 5.5 V, 
C. = 50 pF, 
R1 = 5009, 
neces nee euros ne aeons 
Ta = MIN to MAX 
. SN54ALS651 
MIN TYPt MAX 



























ae ea 

Eke CBA or CAB AorB 

a 

Crees eae 

2d 
tPLH SBA or SABt ae 

; . AorB 
(with A or B high) ae eee 
SBA or SABt [| 
- i AorB 

(with A or B low) eee | ee 

a cee 

sao 

[tHe ae 10 

ee ee 

Fa | eee 

a eel 

[ew 

GAB 
a Ae 




















2 ‘ALS652 switching characteristics (see Note 1) 
Vec = 4.5 Vto 5.5 V, 
Cy = 50 pF, 
> RON 70 R1 = 500 Q, 
oD PARAMETER (INPUT) (OUTPUT) R2 = 500 Q, 
Ta = MIN to MAX 
> SN54ALS652 SN74ALS652 
= ; MIN TYPt MAX MIN TYPt MAX 
Me ena I ee ee le ee 
ae | eee ee eee 
> PLH CBA or CAB AorB 
” ee: | ere ee | ee 
ee ee ee 
= SS ae eee 
m4 SBA or SABt rear PCT SY 
Oo fwith A or B hight a a ee a 
= SBA or SABE ie 
F AorB 
= rere ee Pe Se ree a 
OQ - en meh ‘ 
fe tO 8 0 
| tPHz Spa wk eee op 
re sa ee —— 8 
eee ee 
Se eee 
ers rs eee | cone) 
tAll typical values are at Vcc = 5 V, Ta = 25°C. 
These parameters are measured with the internal output state of the storage register opposite to that of the bus input. 
NOTE 1: For load circuit and voltage waveforms, see page 1-12. 
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TYPES SN54ALS653, SN54ALS654, SN74ALS653, SN74ALS654 
OCTAL BUS TRANSCEIVERS AND REGISTERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply VOltaQes VCC see ests eee ow ei ese eae alle 82s) SG REE ey pS de elected Oh Ea ee hoe Bob cena se lee ..7N 
Input voltage: Allinputs andA W/O ports... 1... 0. cee ees Pacis sig Saas Gases Gedtale Se gele Bs 7V 
BUOPOrts secs hee ei hare Ste i ale eo eae ae Sip Se je cee tite arts Sy tender dtsbh te don awe ie oes, oh 5.5V 

Operating free-air temperature range: SNS4ALS653, SN54ALS654.........2 0.2.02 eee -—55°Cto 125°C 
SN74ALS653, SN74ALS654 2.0... eee O°Cto 70°C 

Storage temperature range... 2. ee ee ee eee eens -65°C to 150°C 


recommended operating conditions 


SN54ALS653 SN74ALS653 
SNS5S4ALS654 SN74ALS654 UNIT 


















Vcc Supply voltage 3 [45 5 55,45 56 55] v | 
ViH High-level input voltage ar ay ee ee 
Vib Low-level input voltage Po Oe = Oe 
VoH High-level output voltage [Apons—Sd«diCws‘“‘CSS SSCS TV 
loH High-level output current [Bpots.SSs«dSS~SsSCSs | SS™S™~S | 
ee ae TS 
a eee Roa ee 
fclock ___Clock frequency Cn 
CBA or CAB high 7 ae 
t Pulse d i 
Ms ideo ah CBA or CAB low eee 
ta Setup time before CABTorCBAT_|AorB ——Ss«dTCSC“‘é‘$ST...#+4d§é#SCOW#‘“(CN(NN’NNNWC#Wd’SCs 
th Hold time after CABTorCBAT[AorB ~—*+i|~~S™é—“—™SSCCC.S~CSCOTTCCS| rs 
Operating free-air temperature |-55 —s125 | 





tThe extended condition applies if Vcc is maintained between 4.75 V and 5.25 V. 
The 48-mA limit applies for the SN74ALS653-1 and SN74ALS654-1 only. 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 























SN54ALS653 SN74ALS653 ; 
MIN TYP? MAX 
Veg SAIS NN WO Ee OB en ee | 
Vec = 4.5Vt05.5V, lo = -0.4 mA 
Voc = 4.5 V. lon = -3mA_ [| 24 03.2 | 240 3.2 
a a Veo = 48, ion=-t2ma [2 TC 
| PNG, S400 Vi NOUS NC RS Ye | 
| ton | Apots | Vec = 4:5V) Von = 85M Pt Tt ma 
[Wee = 4.5, i= 12mA__| 028 04] 028 0.4 | 
VoL Vec = 4.75 V, lo = 24 mA Vv 
(lo. = 48 mA for -1 versions) ee eee 
Vec = 5.5 V, Wa 7V ees ere 
fae eee Vcc = 5.5 V, Vi = 6.5 V ee eee ne 
eee 7) eae S 
ae rere or eee emma eel 
BO ee ci SO 
mf were Vec = 5.5 V, Vy} = 0.4V a0 a | 
[Tot [epons | veg=85V. Vo=2265V|-30 112 |-30 112 | _mA | 
| Outputshign | 52 
‘ALS653 
- Bl cain POupuisdsebied | 88 | 8 
| Outputshigh | sO | 
| Outputsiow | | 
| Outputs disabled | 68 | 
+All typical values are at Vcc = 5 V, Ta = 25°C 
§For i/O ports, the parameters |); and li_ include the off-state output current. 
{The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Ios. 
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TYPES SN54ALS653, SN74ALS653 
OCTAL BUS TRANSCEIVERS AND REGISTERS 





‘ALS653 switching characteristics (see Note 1) 











680 9, (A outputs) 
R1 = R2 = 500 Q, (B outputs) 
Ta = MIN to MAX 


SN54ALS653 SN74ALS653 
MIN TYPt MAX | MIN TYPt MAX 


a ae eerie 
= pce A 
tPHL a 
t ae eae ie. ( oe 
PLH hae 
tPHL ee = 


*PLH ae ae ee 
A 
Sees oe, SNe Oe cere es eee 
tPHL 


SBA aes eee eee Cee 
(with B high) 























[te 
SBAt ee | ea Lee | 
(with B low) be | SS | 
SABt a 
(with A high) POs oO 


PLH SAB AS (ee eee ee 
tPHL (with A low) ee ee ee | 








2 tPLH Ge ae eee ae ee 

tPHL ae | ae a | ee 
> tPZL =a 8} —_# 
” et es ee eee 

TAll typical values are at Vcc = 5 V, Ta = 25°C. 
> ¢These parameters are measured with the interna! output state of the store register opposite to that of the bus input. 
=z NOTE 1: For load circuit and voltage waveforms, see page 1-12. 
rw) Additiona! information on these products can be obtained from the factory as it becomes available. 
© 
a 
S 
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TYPES SN54ALS654, SN74ALS654 
OCTAL BUS TRANSCEIVERS AND REGISTERS 





‘ALS654 switching characteristics (see Note 1) 


Vec = 4.5 V to 5.5 V, 
Ci = 50 pF, 
Ry = 680 Q, (A outputs) 
PARAMETER nom R1 = R2 = 500 Q, (B outputs) 
(INPUT) on = MIN to MAX 


as (na ea car aer es (maneTee 
eT LE SR AE 

tPLH ; 

tPHL 











af 
on 


aN 


(with B high) 
aS a ee 
(with B low) 
=e 
(with A high) 
i 
(with A low) | 











= 
a 


a oo ee 
ee ee 


TA! typical values are at Vcc = 5 V, Ta = 25°C. 

t+These parameters are measured with the internal output state of the storage register Bpposite to that of the bus input. 
NOTE 1: For load circuit and voltage waveforms, see page 1-12. 

Additional information on these products can be obtained from the factory as it becomes available. 
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TYPES SN54AS651, SN54AS652, SN74AS651, SN74AS652 , 
OCTAL BUS TRANSCEIVERS AND REGISTERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply valiage, ‘ v /CC ee 7¥V 
Input voltage: Controlinputs ........ 2.20.2. e ee eee eee iE dethd BAR. RA Wadd gs Wace aie Baal e Bie pers 7V 
VO‘ POrtS= seared Sree hes a ore Be As Sela O Bs oa ees ela nel Bes aad Saye an 5.5V 

Operating free-air temperature range: SNS4AS651,SN54AS652 1... 2... ee eee —-55°Cto0 125°C 
SN74AS651,SN74AS652....... 0... cee ee eee 0°C to 70°C 

Storage temperature range... ee ee eee eee ee eee -—65°Cto 150°C 


recommended operating conditions 


SN54AS651 SN74AS651 
SN54AS652 SN74AS652 


UNIT 
| Veco Supplyvotage | 8 | 
| Vin High-level input vottage Pe 
| Vin_—Low-levelinputvottage TB | 
| 'oH High-level output current Pt 8 | ma 
| lol —Low-leveloutput current Pa 4 | m 
ABR ep («SEO TO|  D S O 
















‘a aco [cea orcaBhigh [6 -+i|5 —~zd 
PcaAorCABlow [7 —s«dY ss SCSC~™Y 
[tea Setup tine before CABTarcBaT [AorB Sid? SCSC~—“—~s SSCSC~dSC 
[th Hold time after ABT or CBAT__[AorB ——Ss«dL~ io SSC~—~iSCSSSCS~SC 
[Ta Operating free-air temperature _——=s=S~*~=“*‘~*~‘id CN SSCSC“‘C#CC“NCYYOO™CC7O 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


SN54AS651 SN74AS651 
PARAMETER TEST CONDITIONS SN54AS652 SN74AS652 UNIT 
| ve | 


a TYPt MAX MIN TYPt ee or 
vee 8 i;= 18 mA 


Veo = 45 Vi05.5V, lon = -2 mA 
Pec = 45, lon =3 mA] 24 32 | 24 a2 
Yoo = 4.5V, ion=—t2ma [2 
[Veo=45V.lon= -15mA | SSSSCi SY 
[Vec=45V, ign = 48mA | oss oes] CS 
Wee =85V, t= @4mA [OO | 


— Veco = 58, Oe Oi 


[mareeere 1 vee = EE. WEES 
Vv = 5.5V, Vy = 2.7 V 
= 


Control inputs 
1 = 5.5V, Vv; = 0.4 V 
pe Faget — A or B ports? 


Vv 5.5 V, 1Vec = 5:5V, Vo =2.25V | 


[vec =55V, —-Vo=225V|-30  -112/-30  -112 | 
iiss high POupuenigh [10 es [11016 

Vec = 8.5 V Outputs disabled a ee be tse tats 
Outputs high |. 120~+195| ~~ ~+120~~«198 | ™ 

Outputs low | 430-211 | +3021 | 


"AS652 


Outputs disabled | 130211 | 130211 | 


TAll typical values are at Vcc = 5 V, Ta = 25°C 
tFor I/O ports, the parameters |i} and 1}, include the off-state output current. 
§The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, los. 
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TYPES SN54AS651, SN54AS652, SN74AS651, SN74AS652 
OCTAL BUS TRANSCEIVERS AND REGISTERS 





‘AS651 switching characteristics (see Note 1) 


= 4.5 Vto 5.5 V, 
Cy = 50 pF, 
= 600Q, 
PARAMETER craic, nee = = 6009, 
= MIN to MAX 
Bae en TT 
[| MIN, MAX | MIN MAX | 







a 
pare 
| 











fo fmax —isd 90 Mi | 
fo o2C STS 
ee CBA or CAB AorB 
teas er a | a ee eee 
SSS 
 tPHLC SE EEE 


=. 
[| PHL te AO ee ee 
[tex Sa a een 

= 

ar eas 5 

= ea eS 





"AS652 switching characteristics (see Note 1) 








Vcc = 4.5 V to 5.5 V, 2 
CL = 50 pF, 
R1 = 600 2, 7 
FROM 
vennite en (INPUT) fours api ) is 
MIN to MAX 5 
aiganaees SN74AS652 mak rs) 
a cs emg men Ba a ae Oa eee OO = 
[eae ana ee EH o 
| tPHe sd oe eee 7 ee ee ” 
24} 2 
a a 
t a ieee 
| tPLH SBA or SABt AorB a 
Pp 2 tT z 
enk a ee aa ee ee 
Hm eps esd el. aek = SOG “) 
ee ee ees x 
Be eee 7 a eee 
ee 
ae aes (ee 
ees f i Ft 
[otriz i eae ee eee 
tThese parameters are measured with the internal output state of the storage register eppesite to that of the bus input. 
NOTE 1: For load circuit and voltage waveforms, see page 1-12. 
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TYPES SN54ALS677, SN54ALS678, SN74ALS677, SN74ALS678 
16-BIT ADDRESS COMPARATORS 


D2661, JUNE 1982—REVISED MARCH 1984 








‘ALS677 is a 16-bit Address Comparator with Enable SN54ALS677 . . . JT PACKAGE 
SN74ALS677 . . . .NT PACKAGE 
(TOP VIEW) 


@. ‘ALS678 is a 16-bit Address Comparator with Latch 


Package Options Include Both Plastic and Ceramic 
Chip Carriers in Addition to Plastic and Ceramic DIPs 


@ Dependable Texas Instruments Quality and Reliability 


description - 


The ‘'ALS677 and ‘ALS678 address comparators simplify 
addressing of memory boards and/or other peripheral devices. 
The four P inputs are normally hard wired with a preprogrammed 
‘address. An internal decoder determines what input information 
applied to the 16 A inputs must be low or high to cause a low 
state at the output (Y). For example, a positive-logic bit combina- 
tion of 0111 (decimal 7) at the P input determines that inputs A1 
through A7 must be low and that inputs A8 through A16 must 
be high to cause the output to go low. Equality of the address 
applied at the A inputs to the preprogrammed address is 
indicated by the output being low. 





SN54ALS677 . . . FH PACKAGE 
SN74ALS677 . . . FN PACKAGE 


The ‘ALS677 features an enable input (G). When G is low, the 
device is enabled. When G is high, the device is disabled and the 
output is high regardless of the A and P inputs. The ‘ALS678 
features a transparent latch and a latch enable input (C). When C 
is high, the device is in the transparent mode. When C is low, the 
previous logic state of Y is latched. 








The SN54ALS677 and SN54ALS678 are characterized for SNE4ALS678 . . . JT PACKAGE 
operation over the full military temperature range of —55°C to SN74ALS678 . . . NT PACKAGE ” 
125°C. The SN54ALS677 and SN74ALS678 are characterized (roP VIEW) 
= 
for operation from O0°C to 70°C. a 
= 
O 
ce 
O 
a 
Q 
a 
SNS54ALS678 . . . FH PACKAGE <q 
SN74ALS678 ... FN PACKAGE 
(TOP VIEW) di 





Copyright © 1982, Texas Instruments Incorporated 
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TYPES SN54ALS677, SN54ALS678, SN74ALS677, SN74ALS678 


16-BIT ADDRESS COMPARATORS 








(a ae ar P3_P2 P1 PO 
L | nb L 






































Bk Ester ror cee ee Sco e 
ps SS SR alte we (0 RO SE ee (im es A ed ced BM OO od 
roe lore Le) or ez ee 
MPS ee ee ore Fe ele eee os 


L 
L 
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 


Hrecdreederederee 
eee eee eee ee 
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logic symbols 
"ALS677 


[ADDRESS COMP] 


ar 


PO 
PI 

P2 
P3 

Al 
A2 
A3 
ry 
AS 
AG 
AT 
AB 
Ag 


A10 


SLINDYID SV GNV S1V He 


All 
Al2 


A13 


Al4 


A15 


At6 


Pin numbers shown are for JT and NT packages. 
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INPUTS COMMON TO 'ALS&77 AND ‘ALS&7 


=x 

















Pree er ee rl ee ee ele oe 


FUNCTION TABLE 


> 
—_ 
> 
iy 
xB 
> 
Iris 
xh 
xB 
x2 
> 
Tila 
> 
wo 
> 
—_ 
° 
> 
































Rr Pe eer Se ee rie oe Ss 
Perr e|rer error ere lccrr 
rreerer ele ere zrres 
rer reer eS Pe cpr er fe eres = 
reer err sas ea Sz 
reeej~eer rel rrr rrcrcrtt 


rc 


LoL 





Po 
P1 
P2 
P3 
Al 
A2 
A3 
A4 
AS. 
AG 
AT 
AB 
Ag 

A10 

An 

A12 

A13 

At4 

A15 


A16 


vi 
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pa a 
=x 
= 














Le ee od Oe Oe Se Se ee OS De Se es Se 
Parr ee Rr Le DS eo SL Le 
rereererl[lxrrrarrxrrr3i.s 
oe ee LE oe ES Ee Le. ee Oe 


All other combinations 
‘ALS677: Any combination H 
‘ALS678: Any combination Latched 


“ALS678 


{ADDRESS COMP] 
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A12A13 A14A15A16 Y 


















=x 
x= 
=x 




















rFeereerrzyrrrTrwrzayrierwrTrTizgTitorgrTs 
~FrrorzyrrT~igrTwzyrtrrirTrizTyirtroégTrse 
xrrrrzayririrérTwzayirTirériéTwTsgsértoiéTre,eg 





TYPES SN54ALS677, SN54ALS678, SN74ALS677, SN74ALS678 
16-BIT ADDRESS COMPARATORS 





logic diagrams (positive logic) 


“ALS677 ‘ALS678 





ALS AND AS CIRCUITS 


oad 
N 
is 
2 
VYYY 
uv 
N 
re) 
2 
VYYY 


Pin numbers shown are for JT and NT packages. 
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TYPES SN54ALS677, SN54ALS678, SN74ALS677, SN74ALS678 
16-BIT ADDRESS COMPARATORS 


FN a 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, VCC 6 see ee ie ee bes Oa ee a ale Rie we ew ewe wea Ne Brg oath Minter tot aks 7V 
Input Voltage! acdc irs celal ead ee EN tag se Sea Aa Ese seat Me pee cae ahd Obie o Sail 7V 
Operating free-air temperature range: SNS4ALS677, SN54ALS678 .. 0... eee ee ee -—55°C to 125°C 

SN74ALS677,SN74ALS678 .. 1... ee es 0°C to 70°C 
Storage temperaturerange 2.0... ce ee ee ee eee tee eee -65°Cto 150°C 


recommended operating conditions 










ee 
Sa | ET 7 RRR ETE 
Ton Highevel output curent ———SSSSC*d ST 
[to tewevel ut surent 
i 





SN74ALS677 
PARAMETER TEST CONDITIONS SN54ALS678 SN74ALS678 
MIN TYP? MAX 


vie Vee = 
Vcc = a5 V SSN, ae -~0.4 mA 
Vcc = 4.5 V, 10H = -—1mMA 
Vee = 4.8¥. loL = 12 mA 
SS 
a CA? vy a7¥ 
in Vee = 85) Via 27V 
Zara 
ser 


5.5°V, Vo = 2.25 V 


CF 
CC = 

Vcc = 5.5 V, Vv, = 0.4V 

Vcc = 

‘ALS677 Vv 5.5 V 

"ALS678 coe 

TAIl typical values are at Vec = 5V, Ta = 25°C. 

tThe output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Ios. 





SLINOHIO SV GNV S1vV fb 





2-110 TEXAS Wy 
INSTRUMENTS 


POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265 


TYPES SN54ALS677, SN54ALS678, SN74ALS677, SN74ALS678 
16-BIT ADDRESS COMPARATORS 





‘ALS677 switching characteristics (see Note 1) 


PARAMETER ron 
(INPUT) enaan 


= Saat aR = 
ee 


‘ALS678 switching characteristics (see Note 1) 


Vec = 4.5 V to 5.5 V, 
PARAMETER EROM a ao. 1 
(INPUT) a t* ’ 
Ta = MIN to MAX 
SN54ALS678 SN74ALS678 


| etPLHi(itstsisid' eeip 


t 

Ania y 
/ tPHKE 

Y 


NOTE 1: For load circuit and voltage waveforms, see page 1-12 of the TTL Data Book, Volume 3. 





Vcc = 4.5 V to 5.5 V, 
C_ = 50 pF, 

R_ = 5000, 

Ta = MIN to MAX 
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TYPES SN54ALS677, SN54ALS678, SN74ALS677, SN74ALS678 
16-BIT ADDRESS COMPARATORS 





TYPICAL APPLICATION INFORMATION 


determines the input pattern for the P inputs. Then those system address lines that are low in the address to be recognized 
are connected to the lowest numbered A inputs of the address comparator and the system address lines that are high are 
connected to the highest numbered A inputs. 


For example, assume the comparator is to enable a device when the 16-bit system address is: 


AiS A14 A13 A12 A111 A110 AQ A8 A7 A6 A5 A4 A3 A2 Al AO 
H H L L H H L L H H L L H H H H 


Since the address contains 6 lows and 10 highs, the following connections are made: 
P3 to O V, P2 to Vcc, P1 to Vcc, and PO to 0 V. 
System address lines A13, A12, A9, A8, A5, and A4 to comparator inputs A1 through A6 in any convenient order. 
The remaining ten system address lines to comparator inputs A7 through A16 in any convenient order. 

The output provides an active-low enabling signal. 


The following circuit is a modulo-N synchronous counter. The ‘ALS163 is connected to provide a low-level clear signal when 
N = FEFF 16. 


15 12 8 4 O 
FEFF1g = HHHH HHHL HHHH HHHH 












4 
‘ALS163 






ADDRESS 


MAX COUNT ~ 


MODULO-N SYNCHRONOUS COUNTER 
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TYPES SN54ALS679, SN54ALS680, SN74ALS679, SN74ALS680 
12-BIT ADDRESS COMPARATORS 


D2661, JUNE 1982—REVISED MARCH 1984 





‘ALS679 is a 12-Bit Address Comparator With Enable SN54ALS679 . . . J PACKAGE 
: : , : SN74ALS679 .. . N PACKAGE 
ALS680 is a 12-Bit Address Comparator With Latch (TOP VIEW) 


Package Options Include Both Plastic and Ceramic 
Chip Carriers in Addition to Plastic and Ceramic DIPs 


@ Dependable Texas Instruments Quality and Reliability 


description 


The ‘ALS679 and ‘ALS680 address comparators simplify 
addressing of memory boards and/or other peripheral devices. 
The four P inputs are normally hard wired with a preprogrammed 





address. An internal decoder determines what input information SN54ALS679 . . . FH PACKAGE 
applied to the 12 A inputs must be low or high to cause a low SN74ALS679 . . . FN PACKAGE 
state at the output (Y). For example, a positive-logic bit (TOP VIEW) 


combination of 0111 (decimal 7) at the P input determines that 





On 
inputs Ai through A7 must be low and that inputs A8 through 2 
A12 must be high to cause the output to go low. Equality of the ce 
address applied at the A inputs to the preprogrammed address is mes ; : = : us 
indicated by the output being low. A6i] 6 16 (| P2 
: = ae A7)7 15] PI 
The ‘ALS679 features an enable input-(G). When G is low, the asi}s 14f] PO 






device is enabled. When G is high, the device is disabled and the 


§ 10 111213 
output is high regardless of the A and P inputs. The ‘ALS680 
features a transparent latch and a latch enable input (C). When C <$2a5 





is high, the device is in the transparent mode. When C is low, the 








previous logical state of Y is latched. SN54ALS680 .. . J PACKAGE 7 2 - 
The SN54ALS679 and SNS54ALS680 are characterized for oh7 APSE EO: s NIERERDGE ee 

operation over the full military temperature of —55°C to (FOP VIEW) Tp) 

125 °C. The SN74ALS679 and SN74ALS680 are characterized _ 

for operation from O0°C to 70°C. 5 

O 

cc 

O 

q 

SN54ALS680 . . . FH PACKAGE Q 

SN74ALS680 .. . FN PACKAGE a 

(TOP VIEW) og 

”Y 

a 

x Copyright © 1984, Texas Instruments Incorporated 
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TYPES SN54ALS679, SN54ALS680, SN74ALS679, SN74ALS680 
12-BIT ADDRESS COMPARATORS 





FUNCTION TABLE 


"ALS679 | ‘ALS680 INPUTS COMMON TO ‘ALS679 AND ‘ALS680 OUTPUT 
_ G Cc P3 P2 P1 PO|A1 A2 A3 A4& AS A6 A7 AB AI A10A11A12 Y 
tL bo ebL}H H H H H H H H H H H 


qQ 


peed 
Gk: bow Cor ee Oe ETE 


Cor oe ry oe ES Ls 
Bo Ee | oe 
rrr rl|er err e|[erercoe 


L 
L 
L 
L 
L 
L 
L 
L 


Pot] HT Alother combinations | 
po fT ALS679: Any combination TCC 
Pat 680: any combination ———S—*i Rath 


logic symbols 





‘ALS679 ‘ALS680 


[ADDRESS COMP] [ADDRESS COMP] 
= (19) (P assumed ¥ 12,13,14] (P assumed # 12,13,14] 













2 : : 

PO PO 1 
> PI Pt ; 
r= P2 P2 2 
” P3 P3 : 
> Al Al 4 
er ha 
> A3 A3 5 
~” Aa A4 ; 
Q AS AS 7 
z AG AG : 

A? A7 8 
St ie 
~” rx) Ag 


All 
Al2 


*The three shaded rows of the function table show combinations that would normally not be used in address comparator applications. The logic symbols above 
are not valid for these combinations in which P = 12, 13, and 14. If symbols valid for all combinations are required, starting with the fourth Exclusive-OR from 
the bottom, change P 2 9 toP = 9...11/13...15, P= 10 toP = 10/11/14/15, and P 2 11 toP = 11/15. 


Pin numbers shown are for J and N packages. 
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TYPES SN54ALS679, SN54ALS680, SN74ALS679, SN74ALS680 
12-BIT ADDRESS COMPARATORS 





logic diagrams (positive logic) 


‘ALS680 "ALS679 





Pin numbers shown are for J and N packages. 


n 
E 
> 
Oo 
= 
Oo 
) 
<x 
fal 
O. 
<x 
7) 
_ 
< 
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TYPES SN54ALS679, SN54ALS680, SN74ALS679, SN74ALS680 
12-BIT ADDRESS COMPARATORS 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supplyvoltage, VGC. sess 5cae cessed: Soe eee yeaa ew el ae: Sa aay OE dW a ee Gear a ees BANS! ao es 7V 
INPUt VOITAGE ys..3:6 5 25-j5 cod Sie eee ad hoa esi Ree ta ad eta Nee the er ace NS ple talent ce cern en aha ore eee ha ag Ae 7V 
Operating free-air temperature range: SN54ALS679, SNS4ALS680 ..............-0-08- -~55°C to 125°C 

SN74ALS679, SN74ALS680 .. 1... eee ee ee 0°C to 70°C 
Storage temperature range: oo cs SEAS ie hs lee Sie Ge SS RS Bele SNS Ries eH Bl as —65°C to 150°C 


recommended operating conditions 


SN54ALS679 -SN74ALS679 
SN54ALS680 SN74ALS680 UNIT 


Vec ae FE 
SS AT TEE eR 
[Vi Low-level input voltage ———SCSC=“*~*S*‘“‘“~*S*~SC‘“‘(CCNC#OWCYSOOOC~*~‘«w*YT 
H 
L 
A 

















10 High-level output current 
i Low-level output current 


T Operating free-air temperature 





electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


SN54ALS679 SN74ALS679 
SN54ALS680 SN74ALS680 


UNIT 
MIN TYPt MAX { MIN TYPT MAX : 





PARAMETER TEST CONDITIONS 




























2 Vee = 45, y=-iemA | CSC 
Vor = 45 V0 5.8V, lon = -0.4 mA 
D> | vor [Veo=@5V,ton=-tmA Pa C*dY CV 
r— Voc = 4.5 V, oH = —2.6 mA ee bs. ee 
¢ 
> Veo = 48, lon =24ma | CiYSC~t RC 
2 [iT vee =v. Mia 7V a 
S) Veo = 85V, We 27v 20 [20 
Pin COV PCC mA 
> | toe Ve = 8.8 V, Vo = 2.25 V -30 -~112 | -30 -112 
I Vv = 5.5V us s A 
i aes ea 
a TAll typical values are at Vcc = 5 V, Ta = 25°C. 
= +The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, los. 
—| 
2] 
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TYPES SN54ALS679, SN54ALS680, SN74ALS679, SN74ALS680 
12-BIT ADDRESS COMPARATORS 





‘ALS679 switching characteristics (see Note 1) 


: Vec = 4.5 V0 5.5 V, 
CL = 50 pF, 
FROM TO Ry = 5000, 
PARAMETER 
(INPUT) (OUTPUT) Ta = MIN to MAX 


: 4 
tPHL 8 
tPHL 

3 

PLH a Y 
tPHL 


‘ALS680 switching characteristics (see Note 1) 


Vec = 45Vto5.5V | 
C_ = 50 pF 
PARAMETER . FROM To RL = 5002 
(INPUT) (OUTPUT) = MIN to MAX 
SNS54ALS680 SN74ALS680 


. 
5 
5 















t 
heir 
tPHL 










fame 
Pas | 
ae a a i? 


[kn (ee 
t ars CO a a 5 
E : 3 25 2 
aaa a 
NOTE 1: For load circuit and voltage waveforms, see page 1-12 of the TTL Data Book, Volume 3. ~” 
E 
a) 
© 
Ss 
© 
< 
Q 
< 
7) 
q 
Ti ¥i 
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TYPES SN54ALS679, SN54ALS680, SN74ALS679, SN74ALS680 
12-BIT ADDRESS COMPARATORS 


perenne EEO eee] 
TYPICAL APPLICATION INFORMATION 

The ‘ALS679 and ’ALS680 can be wired to recognize any one of 212 addresses. The number of ‘‘lows’’ in the address 

determines the input pattern for the P inputs. Then those system address lines that are low in the address to be recognized 


are connected to the lowest numbered A inputs of the address comparator and the system address lines that are high are 
connected to the highest numbered A inputs. 


For example, assume the comparator is to enable a device when the 12-bit system address is: 
A11 A10 AS A8 AZT AG AS A4 AB A2 AI AOD 
H H L L H H Lor ck H H H H 
Since the address contains 4 lows and 8 highs, the following connections are made: 
P3 to 0 V, P2 to Vcc, P1 to O V, and PO to O V. 
System address lines AQ, A8, AS, and A4 to comparator inputs A1 through A4 in any convenient order. 
The remaining eight system address lines to comparator inputs A5 through A12 in any convenient order. 


The output provides an active-low enabling signal. 


The following circuit is a register bank decoder that examines the: 14 most significant bits (AO through A13) of a 20-bit ad- 
dress to select banks corresponding to the hex addresses 10000, 10040, 10080, and 100CO. 


‘ALS679 






0 4 8 12 16 
100003g =  LELH ttle LELL LLLL LLLL 
1004046 = LLLH LLLL LLLL LHLL LLLL 
HLLL LLLL 
HHLL | ELLE 


ADDRESS 


MEMEN 


SYSTEM 
ADDRESS 
LINES 

AO (MSB) 
TO A193 


AO, . .A2 
A4...A11 


64 X N-BIT 


REGISTERS 


Al4,..A19 6 $0... .S5 





REGISTER BANK DECODER 
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TYPES SN54AS756, SN54AS757, SN74AS756, SN74AS757 
OCTAL BUFFERS AND LINE DRIVERS WITH OPEN-COLLECTOR OUTPUTS 


D2261, DECEMBER 1983—REVISED FEBRUARY 1984 





® Open-Collector Outputs Drive Bus Lines or SNS4AS‘ ... J PACKAGE 
Buffer Memory Address Registers SN74AS’ ... N PACKAGE 
(TOP VIEW) 


@ Eliminates the Need for 3-State Overla 
Protection ‘ 


@ P-N-P Inputs Reduce DC Loading 


Dependable Texas Instruments Quality and 
Reliability 


@ Open-Collector Versions of ‘AS240, ‘AS241 


description 


These octal bus transceivers are designed specifically 
to improve both the performance and density of 
three-state memory address drivers, clock drivers, 





SNS4AS’ .. . FH PACKAGE 


and bus-oriented receivers and transmitters by SN74AS’ ... FN PACKAGE 
eliminating the need for three-state overlap protec- (TOP VIEW) 

tion. The designer has a choice of selected combina- a 

tions of inverting and noninverting outputs, sym- a 
metrical G (active-low output control) inputs, and = lo OG 
complementary G and G inputs. These devices 
feature high fan-out and improved fan-in. 3.21 9 





1A2[]4 iwf({}1Y1 
2Y¥3()5 17[j 2A4 
1A31]6 16 [| 1Y¥2 
2Y¥2(}7 15 [} 2A3 
1A4{]8 14[(]1Y3 


The SN54’ family is characterized for operation over 
the full military temperature range of —55°C to 
125 °C. The SN74’ family is characterized for opera- 
tion from O0°C to 70°C. 








9 10 111213 ees 
‘fae ib owe 2 ae |b ce 0 eee | * 
-“-OAOr TN 
secrg “ 
NON N = 
*2G for ‘AS756 or 2G for ‘AS757_ 5 
cc 
es 
Oo 
eS; 
a 
“” 
= 
ij Copyright © 1983 by Texas Instruments Incorporated 
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TYPES SN54AS756, SN54AS757, SN74AS756, SN74AS757 
OCTAL BUFFERS AND LINE DRIVERS WITH OPEN-COLLECTOR OUTPUTS 





logic symbols 


\ 


‘AS756 

- (0 

1G 
TAl v1 
1A2 1¥2 
1A3 1¥3 
1A4 1¥4 

2G 
2A1 2Y¥1 
2A2 2¥2 
2A3 2¥3 
2A4 2Y4 





logic diagrams (positive logic) 


SLINDYID SV GNV SiIvV Be 
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‘AS756 


vat 
Na 
1¥3 
1A4 1v4 
26 
2A1 21 
2A2 


2Y¥2 


2A3 23 





2A4 


Pin numbers shown are for J and N packages. 


we 
TEXAS 
INSTRUMENTS 


‘AS757 
1G 
1A1 171 
1A2 1¥2 
1A3 v3 
Aa 1v4 








2G 
2A1 2y¥1 
2A2 2¥2 
2A3 2¥3 
2A4 2v4 
‘AS757 
1G 
1A1 v1 
1A2 1v2 


1A3 


Aa 1v4 





2G 
2A1 2yY1 
2A2 2v2 
2A3 2¥3 


2¥4 
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TYPES SN54AS756, SN54AS757, SN74AS756, SN74AS757 
OCTAL BUFFERS AND LINE DRIVERS WITH OPEN-COLLECTOR OUTPUTS 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage; VOC: «6 oss c veers thee alee woe Tee Bee 8 SO awe VRS Le ee 8 ae Sa ee 7V 
INPUT VOIRAQE! F.5):5- 5a: sie ssrinnte bedi EAS Re he GOS Ona ene oR Seara eS WEE SRG eS wh Ee Sand Aue ...d7V 
Off-state:OutpUt VOARE. «oo ie eee ee Oo eee he Re ae We HN ee Ne we lela ed ee Ee es 7V 
Operating free-air temperature range: SNS4AS756, SN54AS757 2.1... eee -55°Cto 125°C 

SN74AS756, SN74AS757 2... ee es 0°C to 70°C 
Storage temperature range... 2... ee ee ee ee ee eee ee et eee teens -65 °Cto 150°C 


recommended operating conditions 


SNS4AS756 SN74AS756 
aN WOM iar OM UNIT 


Supply voltage oe ae ea a 









vi High-level input voltage MGS Hgmeainaean 5 ee ee 
Low-level input voltage ee 08 oe ee, OE 


High-level output voltage es 7s een Cn 
Low-level output current Pp —“‘“ BST me 
a Operating free-air temperature [-55— 125] OTt—“‘i‘ CYLCH 





electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER TEST CONDITIONS SN54AS757 SN74AS757 UNIT 
MIN TYPt MAX MIN TyYyPt MAX 

[Wik eV tem =1.2 

Lo: eRe EAC ACI. aaa CI Ce 

a ee eee 
[Veo =48v, lon = ema 
se A 
Pin aay 


Vcc = 5.5 V, Vp = 2.7V 20 


All other 


a Guputhigh [818 | 


Output high 





eal 
‘AS757 
A inputs only : Vv; = 0. 


TAN typical values are at Voc = 5 V, Ta = 25°C. 








” 
= 
> 
Oo 
= 
oS) 
” 
< 
a 
2 
< 
” 
wal 
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TYPES SN54AS756, SN54AS757, SN74AS756, SN74AS757 
OCTAL BUFFERS AND LINE DRIVERS WITH OPEN-COLLECTOR OUTPUTS 





‘AS756 switching characteristics (see Note 1) 


FROM 
(INPUT) 


PARAMETER 


5 
PLH G 


Vcc = 4.5 V to 5.5 V, 
CL = 50 pF, 
F = 
BAnAeree ROM . TO RL = 500 2, 
_ (INPUT) (OUTPUT) Ta = MIN to MAX 
. SN54AS757 SN74AS757 


: 






















3 
: 
ae fs ei ee 20 
‘ ES 
; . 3 
: je | 


1 7.5 








2 hs a 
NOTE 1: For toad circuit and voltage waveforms, see page 1-12 of the TTL Data Book, Volume 3. 

> 

rr 

~” 

> 

= 

0 

> 

—” 

© 

| 

© 

= 

=| 

” 
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TYPES SN54AS758, SN54AS759, SN74AS758, SN74AS759 
QUADRUPLE BUS TRANSCEIVERS WITH OPEN-COLLECTOR OUTPUTS 


DECEMBER 1983 — REVISED FEBRUARY 1984 





@ 2-Way Asynchronous Communication SN54’ . . . J PACKAGE 
Between Data Buses SN74° . . . N PACKAGE 


@ P-N-P Inputs Reduce Loading (TOP VIEW) 


Dependable Texas instruments Quality and 
Reliability 


@® Open-Collector Versions of ‘AS242, ‘AS243 


description 





These four-data-line transceivers are designed for 
asynchronous two-way communications between 





data buses. , SN54’ . . . FH PACKAGE 
. : SN74’ . . . FN PACKAGE 
The SN54’ family is characterized for operation over (TOP VIEW) 
the full military temperature range of —55°C to 
125 °C. The SN74’ family is characterized for opera- O 2 oO s S 
tion from O°C to 70°C. ZzloZ2>0 
CJL_IC_IT_It_) 
3°21 
A1{]4 18] NC 
logic symbol nc {}5 wince 
"AS759 A2()6 16 {| B1 
NC 7 15} NC 
GBA GBA A3{]8 - 14 (| B2 






Gas GaB 








9 10 111213 

+.TaOy Mm 

q22a0g0 

A2 2 A2 be 

x NC—No Internal connection 
A3 A3 ” 
FUNCTION TABLE f= 
A4 AS - — 
oe sited "AS758 ‘AS759 =) 
GAB GBA : © 
cs gs c 
Te Gere cee a TY. TY 
‘As7e ‘AS759 . 
L H Latch A and B | Latch A and B x 

_{A=B) (A=B) 
a 
“”) 
a 
Pin numbers shown are for J and N packages. 
tis Copyright © 1983 by Texas Instruments Incorporated 
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TYPES SN54AS758, SN54AS759, SN74AS758, SN74AS759 
QUADRUPLE BUS TRANSCEIVERS WITH OPEN-COLLECTOR OUTPUTS 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, VEC i... 36 che eda See ech a ae ge BN ANE AS Fe ere wee Bed eee 8 eecs Qe SR WS 7V 
Input voltage: Allinputs and I/O ports 2... ee eee ee ee ee ee eee eee ees 7V 
Operating free-air temperature range: SN54AS758, SN54AS759 .. 1. ee eee -55°Cto 125°C 

SN74AS758, SN74AS759 2... ee et ee ne 0°C to 70°C 
Storage temperature range... 1. ee ee ee eet ee eee ete e eae -65°Cto 150°C 


recommended operating conditions 













bere 4 SN74AS758 

muees_| uses 
[Wee__Suppiy votage—SCSCSCS~C—~—SC—~—“—‘SC‘“‘~‘“<;7<S;C<CS~T KSC Cl 8 | 
[Vin Higtrievel input vonage SSCS Said CCS 
[Vit Low-level input voltage SSS SSC 
Highvlevel output vokage fee ev 
ee evel output urrent a ea 
[Ta Operating free-air temperature —=~S=~“~*~*~‘“‘“*~sdCBHC*C“‘“‘C#C*YCCO 70 





electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

































PARAMETER TEST CONDITIONS SN54AS759 SN74AS759 UNIT 
[Vk SSC*dSC = 45V, = -t8mA TCC‘ C:*CL;CV~=CW 
Pion SSCSC~dSC = SV Von 55V | CCT] CSC«SSC*SdTCamA 
y) Veo = =45V. ToL = 48 mA as a ae 
co=45V,  lor=64mA | SssS—CidYSCC‘“‘;‘;*~*~ CSCS 
Voc = 55V, Wa 7V ae Serene 
> (eee Vee = 55V. VW = 58V ee ee er | 
oe Se ee 
n ao eee became oe ae ee 
> + See eo Ce 
2 ie Vj = 0.4 V —— 
S) Pe ee 
> 
sl a oer eT a ee ec =k 
2) Pourputsiow | 47a | a7 
eS) Ho typical values are at Vcc = 5 V, Ta = 25°C. 
© *For I/O ports, the parameters li and li_ include the off-state output current. 
c 
=| 
” 
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TYPES SN54AS758, SN54AS759, SN74AS758, SN74AS759 
QUADRUPLE BUS TRANSCEIVERS WITH OPEN-COLLECTOR OUTPUTS 





‘AS758 switching characteristics (see Note 1) 


Vec = 4.5 V to 5.5 V, 
Cy = 50 pF, 
M Ry = Q, 
PARAMETER PRY E-spe 
(INPUT) Petes Ta = MIN to MAX 
SN54AS758 SN74AS758 


3208] 3 19:8 | 

PL AorB BorA 

ec ae eet ae 
3 3 19.5 

















a a a 
Tn a. 


‘AS759 switching characteristics (see Note 1) 


Vec = 4.5 V to 5.5 V, 
CL = 50 pF, 
PARAMETER ee Se aA 
(INPUT) arn Ta = MIN to MAX 
Ce 


ee aa 
Fe cae 
3 
























2 
NOTE 1: For load circuit and voltage waveforms, see page 1-12 of the TTL Data Book, Volume 3. é 
E 
= 
O 
a 
© 
a 
ja) 
q 
~” 
=i 
Ti vi 
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TYPES SN54AS760, SN74AS760 
OCTAL BUFFERS AND LINE DRIVERS WITH OPEN-COLLECTOR OUTPUTS 


DECEMBER 1983—REVISED FEBRUARY 1984 





@ Open-Collector Outputs Drive Bus Lines or SN54AS760 . . . J PACKAGE 
Buffer Memory Address Registers SN74AS760 ... N PACKAGE 
(TOP VIEW) 


® Eliminates the Need For 3-State Overlap Pro- 
tection 


@ P-N-P Inputs Reduce DC Loading 


Package Options Include Both Plastic and 
Ceramic Chip Carriers in Addition to Plastic 
and Ceramic DIPs 


@ Dependable Texas instruments Quality and 
Reliability 


@ OQOpen-Collector Version of ‘AS244 














description . SN54AS760 . . . FH PACKAGE 
These octal buffers and line drivers are designed SN74AS760 . . . FN PACKAGE 
specifically to improve both the performance and (TOP VIEW) 
density of three-state memory address drivers, clock ed Pare, Bie 
drivers, and bus-oriented receivers and transmitters Nor > 
by eliminating the need for 3-state overlap protec- 
tion. Taken together with the ‘AS756 and 'AS757, 1A2 {14 19f} 171 
these devices provide the choice of selected com- 2Y3 M5 17{] 204 
binations of inverting outputs, symmetrical G (active- 1A3 fle 16f] 1Y2 
low input control) inputs, and complementary G and 2¥2 117 isff 2A3 
S.inputs. : ! 1A4 [8 14 [| 1¥3 a) 
The SN54AS760 is characterized for operation over ; NCES 
the full military temperature range of —55°C to : -arvta 
125°C. The SN74AS760 is characterized for opera- Hoa a ” 
tion from 0°C to 70°C. = 
ee _ 
functional block diagram (positive logic) logic symbol © 
: cc 
wi 32) wi 
oe = tag Sf  wv2 
103 vs 
we a 1a ee va BS 
~” 
= | 
2a1 [ba 2v1 
1¥4 2A4 2¥4 
az 1 [——"—~“}_ ayn 
2A3 a 2¥3 
Pin numbers shown are for J and N packages 2A4 Pe ie al 2v4 
tf 
vi Copyright © 1983 by Texas Instruments Incorporated 
TEXAS 


_ INSTRUMENTS 2121 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


SLINDYID SV GNV SIV Be 





TYPES SN54AS760, SN74AS760 
OCTAL BUFFERS AND LINE DRIVERS WITH OPEN-COLLECTOR OUTPUTS 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage: VGC: eis eee ke ca tee Sai ee ts oe oe BA lee Relat ad ROS Oa SLE Sa Belial % 7V 
INDUL VOItAgE s, fic05. ck ees, eee eer ates eRe ae. Baek Bias a iw love, ghlay ah ae eid eg as RUS Dig datonle Aaa Sites eas 7V 
Off-state output-Voltage’.. 6 3:5..6.5 e055. a Hata te ee ew He eae Rew Ree eee Daal Be oho eee Ge De, SS 7V 
Operating free-air temperature range: SNS4AS760 .. 0... ee eens ~55°Cto 125°C 

SN74AS7 60 ooo oeees Seecace sae Ea Lake he Bae Ree Re Bw 0°C to 70°C 
Storage temperature range... ..... ee ee eee eee Oe ait hak eins gt gol wean a -65°Cto 150°C 


recommended operating conditions 


SN54AS760 SN74AS760 
[MIN NOM MAX | MIN NOM max | UNIT 


Yee Supply voltage | [45 006) 65] 45 0 556 | 















| Vid High-level input voltage 
| Vit __bow-level input voltage PT 
} WOH _Highevel ovina vorage Tgp 8 | 
| lor tow-leveloutput current Ta Pa ma 

TA Opeaine free-air temperature [-55 =—s128 | otsti‘élz+*r CCC 





electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


SN54AS760 SN74AS760 é 
MIN TYPt MAX | MIN TYPt MAX 
Von=58v_ | —iO | na 


we 
a en 
TREE a5 CER | 
2 Re REL 
v= es 
ie a 


ceed Seman memes 


IT 


N 
Vv 


Outputs high 
mA 
a 


‘AS760 switching characteristics (see Note 1) 


Vec = 4.5 V to 5.5 V, 
CL = 50 pF, 
FROM i 500 0, 
P NIT 
PROMETED (INPUT) tured = MIN to MAX m 
aT SN74AS760 
5 


Pea MAX_| 
ees oe ee 
= a 
Pow ee 


NOTE 1: For load circuit and voltage waveforms, see page 1-12 of the TTL Data Book, Volume 3. 
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TYPES SN54AS762, SN54AS763, SN74AS762, SN74AS763 
OCTAL BUFFERS AND LINE DRIVERS WITH OPEN-COLLECTOR OUTPUTS 


DECEMBER 1983—REVISED FEBRUARY 1984 





@. Included Among the Package Options Are SN54AS’ ... J PACKAGE 
20-Pin DIPs and Both Plastic and Ceramic SN74AS’ ... N PACKAGE 
Chip Carriers . (TOP VIEW) 


@ ’‘AS762 Has True and Complementary 
Outputs 


© ‘AS763 Has Complementary G and G Inputs 


@ Open-Collector Outputs Drive Bus Lines or 
Buffer Memory Address Registers 


@ Eliminates the Need for 3-State Overlap 
Protection 





@® Current Sinking Capability Up to 64 mA 


@ Dependable Texas Instruments Quality and 


















Reliability SN54AS‘ .. . FH PACKAGE 
SN74AS’ .. . FN PACKAGE 
ie ae TOP VIEW) 
description + 
oO 
N 
These octal buffers and line drivers are designed YS Zw 815 
specifically to improve the performance of three-state carn 
memory address drivers, clock drivers, and bus- 3.21 9 
oriented receivers and transmitters by eliminating the 1A21] 4 18 [j1Y¥1 
need for 3-state overlap protection. The designer has 2¥3 1} 5 17 [] 2A4 
a choice of selected combinations of inverting and 1A3 [f6 16 [[ 1¥2 
noninverting outputs, symmetrical G {(active-low 2y2|j7 15 [] 2A3 Er 
output control) inputs, and complementary G and G 1A4{]8 14 {J 1y3 2? 
inputs. 9 
The SN54AS762 and SN54AS763 are characterized 52: “~ 
for operation over the full military temperature range Seehesariieiaena es 
* * or r’ 
of —55°C to 125°C. The SN74AS762 and 7 = 
SN74AS763 are characterized for operation from 0°C ~ 
to 70°C. : ~ 
logic symbols O 
‘AS762 ‘AS763 2 
1v1 1¥1 <= 
1Y¥2 1¥2 < 
1Y¥3 1¥3 ~D 
1¥4 1¥4 a 
2Y1 2Y1 
22 2Y2 
23 2v3 
2Y4 24 
Pin numbers shown are for J and N packages. 
j Copyright © 1983 by Texas Instruments Incorporated 
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TYPES SN54AS762, SN54AS763, SN74AS762, SN74AS763 
OCTAL BUFFERS AND LINE DRIVERS WITH OPEN-COLLECTOR OUTPUTS 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply Voltage; VGC sso eo hese ee ew ease ol see Wai aelar t a g Whe sk 4, Se eee pene iad GONE Ra So eas 7VvV 
WIPUE VONEQE « o4 es eee occa les A ehaeie ohare SES HOw wre ee og eae R week aod a alge Bada WR a a nada Cee aay gees 7V 
Off-state output Voltage s.r: iei54 wee Sees Boe eer gies eG ae reed Gb areteels, MiG ee eee aw Oe Gee Bata 7V 
Operating free-air temperature range: SNS4AS762, SN54AS763 ... 2... ee ee ee es -~55°Cto 125°C 

SN74AS762, SN74AS763 ... 6... eee 0°Cto 70°C 
Storage temperature range... 6. ee eee te eee ete eee e teens -—65 °C to 150°C 


recommended operating conditions 


SN54AS762 '  SN74AS762 
SN54AS763 SN74AS763 UNIT 


vec Supply voltage [45 5 55/45 5 55] Vv | 
High-level input voltage ae er ES Sa 


Low-level input voltage fC 
High-level output voltage en 
Low-level output current } 


a 





Operating free-air temperature 


| mA _| 
| ec 


~ 
Oo 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 






PARAMETER 










SN54AS762 SN74AS762 
ee SN74AS763 


MIN TyPt AX | MIN TyPt MAX 


TEST CONDITIONS 


UNIT 












ee ses aan en RES 
¥) os TEESE ee 
EA TO 
a Co eres aT 
poo to [See We7v ET 
Cig Tice = sv, TE eee ns Dee Oe 
n ‘AS762 
> 2A inputs only : Vy = 0.4 V 
> eS 0 
G ouptneh —| sas | 2 
ReneS fein SEU | Output high | 
a a 
a a a 
Giinweg | Output high 
2 ee ee 
— Tall typical values are at Voc = 5 V, Ta = 25°C. 
5 | 
Cc 
= 
=j 
7) 
\ 
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TYPES SN54AS762, SN54AS763, SN74AS762, SN74AS763 
OCTAL BUFFERS AND LINE DRIVERS WITH OPEN-COLLECTOR OUTPUTS 





‘AS762 switching characteristics (see Note 1) 


; Vcc = 4.5 V to 5.5 V, 
CL = 50 pF, 
PARAMETER FROM TO Ry, = 5000, 
(INPUT) (OUTPUT) Ta = MIN to MAX 
| 
| MIN MAX | 

















ae aay ee ee 
ieee de 
t 3 19.5 3 18.5 
ait ae ee ee ae 
t = 3 22 3 19.5 
ade 
: ee ee tae 
E ze 





‘AS763 switching characteristics (see Note 1) 


PARAMETER eon bb 
(INPUT) (OUTPUT) 


; ; 
Z . 
G 






Vcc = 4.5 V to 5.5 V, 
Cy = 50 pF, 
R_ = 500 0, 
Ta = MIN to MAX 









” 

eo a ce ae ae E 
_ 

NOTE 1: For load circuit and voltage waveforms, see page 1-12 of the TTL Data Book, Volume 3. © 
o 

O 

7) 

= § 

QO 

= 

< 

” 

—l 

<q 
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TYPES SN54ALS810, SN74ALS810 
QUADRUPLE 2-INPUT EXCLUSIVE-NOR GATES 


@ Package Options Include Both Plastic and Ceramic 
Chip Carriers in Addition to Plastic and Ceramic DIPs 


@ Dependable Texas Instruments Quality and Reliability 


description 


These devices contain four independent Exclusive-NOR gates. 
They perform the Boolean functions Y = A@B = (A+B)«(A+B) 


in positive logic. 





A common application is a true/complement element. If one of 
the inputs is high, the other input will be reproduced in true form 
at the output. If one of the inputs is low, the signal on the other 
input will be reproduced inverted at the output. 


The SN54ALS810 is characterized for operation over the full 


military temperature 


range of 


-55°C to 125°C. The 


SN74ALS810 is characterized for operation from 0°C to 70°C. 


logic symbol! 


(1) 





FUNCTION TABLE 
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SN54ALS810 .. . J PACKAGE 
SN74ALS810 . . . N PACKAGE 


(TOP VIEW) 





SN54ALS810 . . . FH PACKAGE 
SN74ALS810 ... FN PACKAGE 


(TOP VIEW) 








1A ig {each gate) 
1B 
INPUTS OUTPUT 
: x ay | 2 
a Aa sc ; 
NC—No internal connection 4 
aA 3Y 
3B ” 
ne ay E 
48 > ‘ 
Pin numbers shown are for J and N packages. te 
Oo 
exclusive-NOR logic on 
An exclusive-NOR gate has many applications, some of which can be represented better by alternative logic symbols. r= G 
EXCLUSIVE-NOR = 
wand 
These are five equivalent Exclusive-NOR symbols valid for an ‘ALS810 gate in positive logic; negation may be shown at <x 
any one port, or at all three of them. 
LOGIC IDENTITY ELEMENT EVEN-PARITY ODD-PARITY ELEMENT 
Tk 
a 
The output is active (High) if all . The output is active (High) if an The output is active (Low) if an 
inputs stand at the same logic even number of inputs (i.e., O or odd number of inputs (i.e., only 1 
‘evel {i.e., A=B). 2) are active. of the 2) are active. 
PRODUCT PREVIEW Copyright © 1984, Texas Instruments Incorporated 
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on a product under development. XAS 
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TYPES SN54ALS810, SN74ALS810 
QUADRUPLE 2-INPUT EXCLUSIVE-NOR GATES 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltages VCC acs Ge eae we oe eee ee ee eh eee eile we Ree hia d OH RG BSI a ens cece) aes 7V 
INBUt Voltages cc: one tic ine aided yak a coils qadl peeing See ete: Guaiyecde! eas “ella, publi tea'G wo GR Gree eter ee bag 7V 
Operating free-air temperature range: SNS54ALS810..... 2... eee —55°C to 125°C 
SN74ALS810- 25065 ot eeithe fie ete pane Boe ais 0°C to 70°C - 
Storage temperature range .. 1.2... ee eee ete et eee ees ~65°C to 150°C 


recommended operating conditions 


SN54ALS810 SN74ALS810 UNIT 


VIH High-level input voltage = ree 
VIL Low-level input voltage PBF 


'OH High-level output current 


Vv 

Vv 

Vv 

mA 

: mA 
°C 


2 a Se 
jot ___tow-level output current Po ee 
TA ’ Operating free-air temperature -55 125 Oe OS ee 























SN54ALS810 SN74ALS810 
PARAMETER TEST CONDITIONS x UNIT 
MIN TYPt MAX| MIN TYPt MAX 























Veo = 48, [= 18m Sd Td 
Voc = 45 V@58V. 19H = -04 mA 
Vv Vcc = 4.5 V, lo. = 4 mA 0.25 0.4 0.25 0.4 Vv 
) aL Veo = 45, io. = 8 mA es 
a AZ EEG ee A 
Veo = 58V. SET 
> EEE oa ot 0 me 
r Vcc = 5-5V, Vo = 2.25 V | -30 -112 | ~30 -112 
” Icc A at 4.5 V, BatOV : 
> Tall typical values are at Vec = 5 V. Ta = 28°C. 
a The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Ios. 
U switching characteristics (see Note 1) 
"A Vcc = 4.5 V to 5.5 V, 
° Cy = 50 pF, , 
FROM TO R_ = 5002, 
— PARAMETER 
a (INPUT) {OUTPUT} Ta = MIN to MAX 
Cc 
= 
= 
” 


(other input low) 
{other input high) 


NOTE 1: For load circuit and voltage waveforms, see page 1-12 of the TTL Data Book, Volume 3. 








i 
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TYPES SN54ALS811, SN74ALS811 
QUADRUPLE 2-INPUT EXCLUSIVE-NOR GATES 
WITH OPEN-COLLECTOR OUTPUTS 


D2837, MARCH 1984 





@ Package Options Include Both Plastic and Ceramic SN54ALS811.. . J PACKAGE 
Chip Carriers in Addition to Plastic and Ceramic DIPs SN74ALS811 ... N PACKAGE 
(TOP VIEW) 


® Dependable Texas Instruments Quality and Reliability 


description 


These devices contain four independent Exclusive-NOR gates with 
open-collector outputs. They perform the Boolean functions 
= AQ@B = (A+B)+(A+B) in positive logic. 





A common application is a true/complement element. If one of 


the inputs is high, the other input will be reproduced in true form SN54ALS811 .. . FH PACKAGE 
at the output. If one of the inputs is low, the signal on the other SN74ALS811... FN PACKAGE 
input will be reproduced inverted at the output. (TOP VIEW) 


The SN54ALS811 is characterized for operation over the full 


O 
military temperature range of —55°C to 125°C. The S255 9 
SN74ALS811 is characterized for operation from 0°C to 70°C. CITI 
1yt4 . 18 [| 4A 
NC {J5 17 UL) NC 
2A [}6 16 [| 4Y 
logic symbol NC j7 15 ({{ NC 












2B [j8 14 {| 3B 
i FUNCTION TABLE 9 10 111213 
TA ay (each gate) moe 
auourd pemcae 
18 INPUTS | OUTPUT aSsan we 
= zy ae MR iz 2 
2B ; : ee 
NC—No internal connection 
3A ay 
3B a?) 
“ av iar 
nS | 
Pin numbers shown are for J and N packages. co 
.exclusive-NOR logic 7) 
An exclusive-NOR gate has many applications, some of which can be represented better by alternative logic symbols. ~ § 
EXCLUSIVE-NOR Zz 
anal 
These are five equivalent Exclusive-NOR symbols valid for an ‘ALS811 gate in positive logic; negation may be shown at 4 
any one port, or at all three of them. 
LOGIC IDENTITY ELEMENT EVEN-PARITY ODD-PARITY ELEMENT 
2k+1 
fey a 
The output is active (high) if all The output is active (high) if an The output is active (low) if an 
inputs stand at the same logic even number of inputs ({i.e., O or ; odd number of inputs (i.e., only 1 
level (i.e., A=B). Z 2) are active. of the 2) are active. 
7 Copyright © 1984, Texas Instruments Incorporated 
4 
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TYPES SN54ALS811, SN74ALS811 
QUADRUPLE 2-INPUT EXCLUSIVE-NOR GATES 
WITH OPEN-COLLECTOR OUTPUTS 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply: voltage; VGC siuscand Sets ace a Spee A edits WS Sep ele ee Res el ns BA hy oe onl 7V 
Ininuit Voltages os cgF awit Be ae eee ea A th we Se eat S cee ca ede be ieee oti eet Bde Wheater 6d eed aes 7V 
Off-state output Voltage sce ici Seis Kee ey. MS eee Oe wa ae gas toes dle OE we ee ee 7V 
‘Operating free-air temperature range: SN54ALS811............ 06 2 eee eee ee eee ~55°C to 125°C 

SN/4ALS811) oo cee heeece Sle x Bees we Le eae ached eek 0°C to 70°C 
Storage temperature range .. 6... et ee ee eee ee eee eee —65°C to 150°C 


recommended operating conditions 





| SN54ALS811_—— | 1 74ALS811 
NOW WAR"| Man Wow wR] UT 













|Vcc Supply voltage CC BT SS OV 
vi, tewsevel input vohege a 
VOH High-level output voltage oo 
Fig, towievel output caverta rr 
TA Operating free-air temperature 





electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 






| 

wa 
TovK. | Vee = 45V, OU = -18mAS—~—<—~T:SsC“(i‘CSCC#CN“OCS*CCOCO”*”*~*~*~“‘SNCBSCYLCV=*d 
[ton |. Vec=45V, Von=55v.  ~*<(|.—S™—ST | S™~<“C~;*~*~*~*~*~CST*CYCm ACY 
Vi Vec = 4.5V, lol = 4 mA 

Vec = 4.5 V, ion = 8 mA fate Oa 

aoe Vec = 5.5 V, W=7V fo Off. On oman 

MH Voc = 5.5V, Wi=27V 


a ee Ae 8 ae 


Aat4.5 V, BatOV 


Tall typical values are at Vcc = 5 V, Ta = 25°C. 


switching characteristics (see Note 1) 


F = 
PARAMETER a bs: 
(INPUT) (OUTPUT) 


(other input low) 
Bore 
(other input high) 5. 28 | 


NOTE 1: For load circuit and voltage waveforms, see page 1-12 of The TTL Data Book, Volume 3. 
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TYPES SN54ALS841, SN54AS841, SN54ALS842, SN54AS842 
SN74ALS841, SN74AS841, SN74ALS842, SN74AS842 
10-BIT BUS INTERFACE D-TYPE LATCHES WITH 3-STATE OUTPUTS 


DECEMBER 1983 — REVISED FEBRUARY 1984 












3-State Buffer-Type Outputs Drive Bus-Lines 
Directly 


Bus-Structured Pinout 


Provide Extra Bus Driving Latches 
Necessary for Wider Address/Data Paths or 
Buses with Parity 


Buffered Control! Inputs to Reduce DC 
Loading 


Power-Up High-Impedance State 


Package Options Include Both Plastic and 
Ceramic Chip Carriers in Addition to Plastic 
and Ceramic DIPs 


Dependable Texas Instruments Quality and 
Reliability 


description 


These 10-bit latches feature three-state outputs 
designed specifically for driving highly capacitive 
or relatively low-impedance loads. They are 
particularly suitable for implementing buffer 
registers, I/O ports, bidirectional bus drivers, and 
working registers. 


The ten latches are transparent D-type. The 
‘ALS841 and ‘AS841 have noninverting data (D) 
inputs. The ‘ALS842 and ‘AS842 have inverting 
D inputs. 


A buffered output control (OC) input can be used 
to place the ten outputs in either a normal logic 
state (high or low levels) or a high-impedance 
state. In the high-impedance state, the outputs 
neither load nor drive the bus lines significantly. 
The high-impedance state and increased drive 
provide the capability to drive the bus lines in a 
bus-organized system without need for interface 
or pull-up components. 


The output control does not affect the internal 
operation of the latches. Old data can be retained 
or new data can be entered while the outputs 
are off. 


The SN54ALS841, SN54AS841, SN54ALS842, 
and SN54AS842 are characterized for operation 
over the full military temperature range of 
—55°C to 125°C. The SN74ALS841, 
SN74AS841, SN74ALS842, and SN74AS842 
are characterized for operation from O°C to 
70°C. ; 


. Wp 
TEXAS 
INSTRUMENTS 






SN54ALS841, SN54AS841 .. . JT PACKAGE 
SN74ALS841, SN74AS841. . . NT PACKAGE 


(TOP VIEW) 





SN54ALS841, SN54AS841 . . . FH PACKAGE 
SN74ALS841, SN74AS841 . . . FN PACKAGE 


(TOP VIEW) 





SN74ALS842, SN74AS842. . . NT PACKAGE 
(TOP VIEW) 





SN54ALS842, SN54AS842 . . . FH PACKAGE 
SN74ALS842, SN74AS842 . . . FN PACKAGE 


(TOP VIEW) 
oO 
g2ig2 928 


a pS ps 9 
1 28 2726 


12 13 14 1516171 





alin aoVUd sd 
9OoZZ on 
-9Oo 


NC—No internal connection 
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TYPES SN54ALS841, SN54AS841, SN54ALS842, SN54AS842 
SN74ALS841, SN74AS841, SN74ALS842, SN74AS842 
10-BIT BUS INTERFACE D-TYPE LATCHES WITH 3-STATE OUTPUTS 





FUNCTION TABLES 


‘ALS841, ‘AS841 ‘ALS842, ‘AS842 


OUTPUT 
| oc c ob] a 


H L 
L H 
Xx Qo 
X Zz 






1Q 


2Q 


3Q 





4a 
50 
60 
7a 


8Q 


90 


SLINDYID SV GNV STV te 


100 





Pin numbers shown are for JT and NT packages. 
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TYPES SN54ALS841, SN54AS841, SN54ALS842, SN54AS842 
-  SN74ALS841, SN74AS841, SN74ALS842, SN74AS842 
10-BIT BUS INTERFACE D-TYPE LATCHES WITH 3-STATE OUTPUTS 








‘ALS842, 'AS842 logic symbol ‘ALS842, ‘AS842 logic diagram (positive logic) 
oc oe (1) 
c 

1D 10 

2D 20 10 
3D 30 

4D 40 

5D 50 2a 
6D 6Q 

7D 7a 

8D 8Q 3a 
9D 90 

10D 100 





4a 


50 


6Q 


7a 





+ 





80 aS 
”Y 
E 
90 5 
© 
cc 
10a Oo 
Pin numbers shown are for JT and NT packages. 14 
; = § 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 5 
Supply voltage: VGC ieee ee eo she hie ea iG 6 acess REA Ae eit aed ban ete 7V =a 
INput2Voltage® v.pcicserc Se ote wha Ba She Ww he A DSS OG eee ae ele ts wet ed Se Baas 7V 
Voltage applied to a disabled 3-state output......... 0... 0. ce ee ee eee eda ea eae a 5.5 V ” 
Operating free-air temperature range: 
SN54ALS841, SN54AS841, SN54ALS842, SN54AS842 ........... -—55°C to 125°C 
SN74ALS841, SN74AS841, SN74ALS842, SN74AS842.............05- 0°C to 70°C 
Storage temperature range ........... ccc ee ee ee ee tee tenes —65°C to 150°C 
i 
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TYPES SN54ALS841, SN54ALS842 
SN74ALS841, SN74ALS842 
10-BIT BUS INTERFACE D-TYPE LATCHES WITH 3-STATE OUTPUT 


SE Ot . 


recommended operating conditions 








SN54ALS841 
- SNS4ALS842 


SN74ALS841 
SN74ALS842 




















[MIN NOM MAX _| oe 

Vee Supply voltage Pas 5 55/45 5 55| V_| 

Vin High-level input voltage 

Vi___Low-level input voltage - CS OR OL 

fon High-level output current a a ee 
, Past ee 

a eae a 

Ftsy Setup time, data before enabiect ss Cd|C™C~—‘iRSSC‘“R’CWCOC#déC OS*_=C 
i eee Pee eee 

Z p-85 Cita | OSC 


oa 


Ta Operating free-air temperature 


°o 
° 
(o) 


electrical characteristics over recommended operating free-air temperature range 


(unless otherwise noted) 
SN54ALS841 SN74ALS841 
TEST CONDITIONS SN54ALS842 SN74ALS842 UNIT 


MIN TYPt MAX | MIN TYPt MAX 
es 
x3 eee 
2.4 3.2 


nls 
ats 
t 
N 
< 
oO 
io) 
nN 











2 fea | ee Oey 
On 
Outputs high 

| vatseas [Ourputstow | 
> : Outputs disabled 
” Icc - 

. Outputs high : 
?) “ALSB42 7 FOurputs tow + 
= a 
v Outputs disabled 
2) TAll typical values are at Vcc = 5 V, Ta = 25°C. 
Cc +The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, logs. 
= 
rp. Additional information on these products can be obtained from the factory as it becomes available. 
PRODUCT PREVIEW ts 
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TYPES SN54ALS841, SN54ALS842 
SN74ALS841, SN74ALS842 
10-BIT BUS INTERFACE D-TYPE LATCHES WITH 3-STATE OUTPUTS 





‘ALS841 switching characteristics (see Note 1) 


Voc = 4.5 V to 5.5 V, 
CL = 50 pF, 
ase eo R1 = 5009, 
PARAMETER 500 0, 
(INPUT) (OUTPUT) 
MIN to MAX 


| tpzH ‘oma 


Cc 

Cc 
t a 

- 


‘ALS842 switching characteristics (see Note 1) 


Vcc = 4.5 V to 5.5 V, 
Cr = 50 pF, ° 
a <3 R1 = 5002, 
PARAMETER ‘INPUT: icunen) R2 = 5009, 
Ta = MIN to MAX 
: 


















ne a ae RT] 
aeaee ar 


5 es Ta eee) 

PZH oc 

tPZL FREESE Dat nes 
t ae Eee ee 

ee Ce 

TAIl typical values are at Ta = 25°C. 

NOTE 1: For load circuit and voltage waveforms, see page 1-12 of the TTL Data Book, Volume 3. 





Additional information on these products can be obtained from the factory as it becomes available. 


” 
= 
=) 
O 
“3 
Oo 
0. 
< 
a 
2 
< 
“” 
ol 
< 
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TYPES SN54AS841, SN54AS842 
SN74AS841, SN74AS842 
10-BIT BUS INTERFACE D-TYPE LATCHES WITH 3-STATE OUTPUTS 





recommended operating conditions 


SN54AS841 SN74AS841 
. SN54AS842 SN74AS842 


[Vcc Supply voltage TET 


"Vin Hightevel input voltage SSCS 
PVin__tew-level input voltage ——SSSCSCSCSCSCSCSCSCSSCSC~dCCCCi 
tw Pulse duration, enable Chigh——SCSCS~—~—SCSCSCSCSC~dCSCB CCS 
Ftgu Setup time, data before enable Ct SSS CSC*dSC 
[th Hold time, deta after enable Cr SSCS —*d 
55 


NS 
oa] 
| 
Uw) 
us 


- 
N 
oa 


Nn 
ofa 
> 
o 





| ma 
| ns] 
| ns | 
[ns | 


electrical characteristics over recommended operating free-air temperature range 
(unless otherwise noted) ; - 


SN54AS841 SN74AS841 
TEST CONDITIONS SN54AS842 SN74AS842 © 


MIN TYPt MAX | MIN TYPt MAX 
aA, 
2 





Veo = 48V. == 18 mA 
=45V@S5V, 1H = -2mA veo=2 


= 4.5V, loo = —15 mA 


Vcc = 4.5 V, 1lOH = —24 mA 


.2 


: lo. = 48 mA 
Veo = 55V, Vo = 27V ae ee od 
= 5. Vo = 0.4V ; 


V)=7V 0.1 


io. = 32 mA T0805 | 


9 
_ 


° 


Veo = 5.5V. V=04V a | 
Ver = 5.5V. Vo = 2.25V =3 
, Pourputs Figh | __— 3660 | 


2.4 3 4 3 
2 2 
30 0 


-11 


a 
°o 
D 


= 
to 
: 


wolwo 
NTA 
© 
a4 


2 

36 
FOutputs tow | 8a | 
Outputs disabled 
FOutputs high +] __—~—ia | 


36 
58 
3 


oO 
LS) 
for] 
to 


8 
60 
Outputs disabied | 80s | 


© 

N 
, 

~w 


Tall typical values are at Voc = 5 V, Ta = 25°C. ; 
The output conditions have been chosen to produce a currént that closely approximates one half of the true short-circuit output current, Igs. 
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TYPES SN54AS841, SN54AS842 
SN74AS841, SN74AS842 
10-BIT BUS INTERFACE D-TYPE LATCHES WITH 3- STATE OUTPUTS 





‘AS841 switching characteristics (see Note 1) 


Vec = 4.5V to 5.5 V, 
CL = 50 pF, 
R1 = 500 2, 
PARAMETER FROM : R2 = 5009, 
(INPUT) rear sane 
SN54AS841 






















‘AS842 switching characteristics (see Note 1) 


PARAMETER ene 
(INPUT) ison 


= a ae = 





Voc = 4.5Vto 5.5 V, 


CL = 50 pF, 
R1 = 5002, 
R2 = 500 Q, 


= MIN to MAX 





= = a oe 


NOTE 1: For load circuits and voltage waveforms, see page 1-12 of the TTL Data Book, Volume 3. 
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TYPES SN54ALS843, SN54AS843, SN54ALS844, SN54AS844 
SN74ALS843, SN74AS843, SN74ALS844, SN74AS844 
9-BIT BUS INTERFACE D-TYPE LATCHES WITH 3-STATE OUTPUTS 


DECEMBER 1983—REVISED FEBRUARY 1984 





@ 3-State Buffer-Type Outputs Drive Bus-Lines SNS4ALS843, SN54AS843 . . . JT PACKAGE 
Directly SN74ALS843, SN74AS843 . . . NT PACKAGE 
(TOP VIEW) 


@ Bus-Structured Pinout Vec 


10 
20 
30 
4a 


Provide Extra Bus Driving Latches 
Necessary for Wider Address/Data Paths or 
Buses with Parity 





50 
@ Buffered Control Inputs to Reduce DC S 
Loading 8a 
F 9a 
Power-Up High Impedance BE 
; ; c 
Package Options Include Both Plastic and UB 
Ceramic Chip Carriers in Addition to SN54ALS843, SN54AS843 . . . FH PACKAGE 
SN74ALS843, SN74AS843 .. . FN PACKAGE 


Plastic and Ceramic DIPs 
(TOP VIEW) 
@ Dependable Texas Instruments Quality 


and Reliability 


description 


These 9-bit latches feature three-state outputs 
designed specifically for driving highly capacitive or 
relatively low-impedance loads. They are particularly 
suitable for implementing buffer registers, I/O ports, 
bidirectional bus drivers, and working registers. 





The nine latches are transparent D-type. The ‘ALS843° 











and ‘AS843 have noninverting data (D) inputs. The SN54ALS844, SN54AS844 . . . JT PACKAGE ? 
‘ALS844 and ‘AS844 have inverting D inputs. SN74ALS844, SN74AS844 . . . NT PACKAGE 
—— (TOP VIEW) 

A buffered output control (OC) input can be used to ~O 
place the nine outputs in either a normal logic state a 
(high or low levels) or a high-impedance state. In the 5 
high-impedance state, the outputs neither load nor © 
drive the bus lines significantly. The high-impedance ce 
state and increased drive provide the capability to re) 
drive the bus lines in a bus-organized system without 
need for interface or pull-up components. 2 
The output control (OC) does not affect the internal 
operation of the flip-flops. Old data can be retained Q 
or new data can be entered while the outputs are off. BNSABLS BFA ee NGTAGE 2 fa tiie een = 

SN74ALS844, SN74AS844 . . . FN PACKAGE rg 
The SN54ALS843, SN54AS843, SN54ALS844, and (TOP VIEW) 7) 
SN54AS844 are characterized for operation over the al 
full military temperature range of —55°C to 125°C.. _q 
The SN74ALS843, SN74AS843, SN74ALS844, and 
SN74AS844 are characterized for operation from 0°C 
to 70°C. 

ageecws 
NC —No internat connection 
PRODUCT PREVIEW s Copyright © 1983 by Texas Instruments Incorporated 
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TYPES SN54ALS843, SN54AS843, SN54ALS844, SN54AS844 
SN74ALS843, SN74AS843, SN74ALS844, SN74AS844 ; 
9-BIT BUS INTERFACE D-TYPE LATCHES WITH 3-STATE OUTPUTS 





FUNCTION TABLES 





““ALS843, ‘AS843 ‘ALS844, ‘AS844 
INPUTS OUTPUT 

PRE CLR OC CD 

x Xx 

x x 

x xX 

H L 

H H 

L x 

x X 

logic symbol ‘ALS843, ‘AS843 logic diagram (positive logic) 

oc 
PRE 





SLINDYIO SV GNV Siv #be 








2D 
3D 
4D 
5D 
6D 
7D 
8D 
9D 
Pin numbers shown are for JT and NT packages. ‘ CLR 
This symbol is in accordance with {EEE Std 9 and recent decisions of IEEE. 
PRODUCT PREVIEW ° 
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TYPES SN54ALS843, SN54AS843, SN54ALS844, SN54AS844 
. SN74ALS843, SN74AS843, SN74ALS844, SN74ALS844 
9-BIT BUS INTERFACE D-TYPE LATCHES WITH 3-STATE OUTPUTS 





logic symbol ‘ALS844, ’AS844 logic diagram (positive logic) 
(1) 





oc 
PRE 
cLR 
c 
1D 1a 
2D 20 
3D 30 
4D 4a 
5D 50 
6D 6Q 
7D 7a 
8D 8a 
9D 90 








Y 
= 
= 
O 
© 
< 
Q 
2 
Pin numbers shown are for JT and NT packages. < 
This symbol is in accordance with IEEE Std 9 and recent decisions of IEEE. WY 
wed 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) < 
Supply Voltage; VGC isi tii wd ba ete edad Sa bee eee se ahead oie wes Meee Aaade 7V 
Input: voltage. 5.006 setaseds 6 Si Bid shed Slats acs Weel aha at Dae DS dialed iba bala da a ee ko Ate eee 7V 
Voltage applied to a disabled 3-state output Se eee eee et eee eee teens 5.5 V 
Operating free-air temperature range: SN54AS843, SN54AS844 .... 02. eee ~55°C to 125°C 
SN74AS843, SN74AS844................-0-. «. O°C to 70°C 
Storage temperature range .. 0... ee eee ee eet eens -65°C to 150°C 
PRODUCT PREVIEW : 
This page contains information on a : 4 
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TYPES SN54ALS843, SN54ALS844 
SN74ALS843, SN74ALS844 
9-BIT BUS INTERFACE D-TYPE LATCHES WITH 3-STATE OUTPUTS 


SN54ALS843 SN74ALS843 
SNS5S4ALS844 SN74ALS844 





recommended operating conditions 


10H ; 
loL 






UNIT 






t 
NS 
for) 


High-level output current 
Low-level output current : 


SIE ae 

Se ee ee os ee 

rALseA4 aaa 
-55 125 


24 








tsu Setup time, data before enable C+ 


‘ALS843 
; Wald dusiteiwalcrarbicey (oe 
h old time, data after enable C “ALSB44 


Ta Operating free-air temperature 


electrical characteristics over recommended operating free-air temperature range 
(unless otherwise noted) 


SN54ALS843 
PARAMETER TEST CONDITIONS SNS54ALS844 


MIN TYPt MAX] MIN TyPt MAX 


| ns | 


0 70 












SN74ALS843 
SN74ALS844 







UNIT 











Veo = 4.5 v. we-tama [=] 
Vou Vec = 4.5 V, lon = —1mA 24 3.3 eee i; 
¥) Vec = 4.5V, lon = -26mA | t—~—‘“—‘~WSi 
Voc = 4.5 V, lon = 12mA_— | 0.25 | 0.25 | 
VOL OL v 
DP {tom | ec = 55 Vo = 2.7V 
a loz Voc = 5.5 V, Vo=o4v [20 = 20] | 
” 
5 [iw vee =v, Maatv | Sao] 
p Lo | cn sev. Von aaev. | ate Syalecie ~70 
n Oupurs high [dC 
0 "| ALS843 | Outputstow PO 
Outputs disabled [28 —s«| SSCS 
S2 ' Pees | Outputs disabled | n 
a = ee Oupushigh fT Td 
) ‘ALsB44 Pouputsiow [TT —~SY 
- Outputs disabied | 28 —=«dY=SCsi‘(C~‘aSSC*d 
aes 
=| TAIl typical values are at Vcc = 5 V, Ta = 25°C. 
” +The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, IQs. 
Additional information on these products can be obtained from the factory as it becomes available. 
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TYPES SN54ALS843, SN54ALS844 
SN74ALS843, SN74ALS844 
9-BIT BUS INTERFACE D-TYPE LATCHES WITH 3-STATE OUTPUTS 





‘ALS843 switching characteristics (see Note 1) 


Vcc = 4.5 V to 5.5 V, 
CL = 50 pF, 
R1 = 5009, 
FROM 
PARAMETER = 500 
(INPUT) Pree i 
_ Ta = MIN to MAX 


pe ee 
i Rae NE ee Oe 
ee | BR __f____e___ 
a ee 





‘ALS844 switching characteristics (see Note 1) 


=45Vto 5.5 V, 
= 50 pF, u 
= 500Q, 
FROM 
PARAMETER = 5000, 
INPUT 
(INPUT) eee MIN to MAX 





So ee ee ees ee eee 
a4} Ss a 
= 





ALS AND AS CIRCUITS [Re 


Tall typical values are at Ta = 25°C. 
NOTE 1: For load circuit and voltage waveforms, see page 1-12 of The TTL Data Book, Volume 3. 


Additional information on these products can be obtained from the factory as it becomes available. 
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TYPES SN54AS843, SN54AS844 
SN74AS843, SN74AS844 
9-BIT BUS INTERFACE D-TYPE LATCHES WITH 3-STATE OUTPUTS 





recommended operating conditions 


SN54AS843 SN74AS843 
SN54AS844 SN74AS844 UNIT 


[Voc Suepywoage——SSCSC~C~—~—SCSCS—C—C—CSsSCS~—~SC‘~idS AC 
[Vin _Higheverinput vonage SSCS Cd 
[Vit Low-level input voltage SSCS 
!OH igh- : 
OL i 








55 
High-level output current 
1 Low-level output current 


tw Pulse duration, enable C high CLR or PRE low 
C high 


4.5 5 
tsu Setup time, data before enable Cy 3.5 ; 
h 

17 

55 


mA 







: Hold time, data after enable Ci Ee Oe 


t Recovery time as 


electrical characteristics over recommended operating free-air temperature range 


(unless otherwise noted) 
SN54AS843 SN74AS843 
TEST CONDITIONS SN54AS844 SN74AS844 UNIT 


MAX | MIN TyPt MAX 


5 5 5.5 
2 

/ =24 
0 


3 


-1.2 ; 


Vec-2 Vec-2 
2.4 3.2 


| na 
| HA 


Vv 
Vv 
pA 
nA 

A 


| 
oO = 
oa th 


3 


3 


Vv; = 0.4 V 
Vo = 2.25 V 


Outputs disabled 


Outputs high 37 62 
Outputs disabled 56 92 

mA 
Outputs high 


Tall typical values are at Vcc = 5 V, Ta = 25°C. 
+The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Ios. 
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TYPES SN54AS843, SN54AS844 
. SN74AS843, SN74AS844 
9-BIT BUS INTERFACE D-TYPE LATCHES WITH 3-STATE OUTPUTS 





“ALS843 switching characteristics (see Note 1) | 


Vcc = 4.5 Vto 5.5 V, 
CL = 50 pF, 

500 2, 

500 2, 

= MIN to MAX 


Vee = 4.5 Vto 5.5 V, 
CL = 50 pF, 

R1 = 500 0, 

R2 = 500 0, 

Ta = MIN to MAX 





{ pales 





NOTE 1: For load circuit and voltage waveforms, see page 1-12 of The TTL Data Book, Volume 3. 


ALS AND AS CIRCUITS MAO 
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TYPES SN54ALS843, SN54AS843, SN54ALS844, SN54AS844 
SN74ALS843, SN74AS843, SN74ALS844, SN74AS844 
9-BIT BUS INTERFACE D-TYPE LATCHES WITH 3-STATE OUTPUTS 





D flip-flop signal conventions 





SLINOYIO SV GNV S1v BSE 


It is normal Tl practice to name the outputs and other inputs of a D-type flip-flop and to draw its logic 
symboi based on the assumption of true data (DB) inputs. Then outputs that produce data in phase with 
the data inputs are called G and those producing complementary data are called Q. An input that causes 
a Q output to go high ora Q output to go low is called Preset; an input that causes a O output to go high 
or a Q output to go low is called Clear. Bars are used over these pin names (PRE and CLR) if they are 
active-low. 


The devices on this data sheet are second-source designs and the pin-name convention used by the original 
manufacturer has been retained. That makes it necessary to designate the inputs and outputs of the inverting 
circuit D and Q. In some applications it may be advantageous to redesignate the inputs and outputs as 
D and Q. In that case, outputs should be renamed as shown below. Also shown are corresponding changes 
in the graphical symbol. Arbitrary pin numbers are shown in parentheses. 


Notice that Q and Q exchange names, which causes Preset and Clear to do likewise. Also notice that the 
polarity indicators (C=) on PRE and CLR remain since these inputs are still active-low, but that the presence 
or absence of the polarity changes at D, Q, and Q. Of course pin 5 (Q) is still in phase with the data input 
D, but now both are considered active high. 
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TYPES SN54ALS845, SN54AS845, SN54ALS846, SN54AS846 
SN74ALS845, SN74AS845, SN74ALS846, SN74AS846 
8-BIT BUS INTERFACE D-TYPE LATCHES WITH 3-STATE OUTPUTS 


D2825, peeked bets 264 REVISED EER IUAI. ass 








3- Sis Buffer- eaaiie OMedte Drive Bus- Lines SN54ALS845, SN54AS845 .. . JT PACKAGE 
Directly SN74ALS845, SN74AS845 .. . NT PACKAGE 
{TOP VIEW) 


Bus-Structured Pinout 


Provides Extra Bus Driving Latches 
Necessary for Wider Address/Data Paths or 
Buses with Parity 


@ Buffered Control Inputs to Reduce DC 
Loading 


Power-Up High-Impedance State 





Package Options Include Both Plastic and 


Ceramic Chip Carriers in Addition to Plastic SN54ALS845, SN54AS845 . . . FH PACKAGE 
and Ceramic DIPs SN74ALS845, SN74AS845 . . . FN PACKAGE 
ig - (TOP VIEW) 
@ Dependable Texas Instruments Quality and 
Reliability 
description 


These 8-bit latches feature three-state outputs 
designed specifically for driving highly capacitive 
or relatively low-impedance loads. They are 
particularly suitable for implementing buffer 
registers, I/O ports, bidirectional bus drivers, and 
working registers. 















The eight latches are transparent D-type. The SNS54ALS346, SNS4AS846 . . . JT PACKAGE 
‘ALS845 and ‘AS845 have noninverting data (D) SHZAATSEAS SMT AASEAS ve: NT PACKAGE 
inputs. The ‘ALS846 and ‘AS846 have inverting (TOP VIEW) 

D inputs. Since CLR and PRE are independent of 

the clock, taking the CLR input low will cause 

the eight Q outputs to go low. Taking the PRE 

input low will cause the eight Q outputs to go 

high. When both PRE and CLR are taken low, the 

outputs will follow the preset condition. 

A buffered output control (OC) input can be used 

to place the eight outputs in either a normal! 

logic state (high or low levels) or a high- 

impedance state. In the high-impedance state, SN54ALS846, SN54AS846 . . . FH PACKAGE 
the outputs neither load nor drive the bus lines SN74ALS846, SN74AS846 . . . FN PACKAGE 
significantly. The high-impedance state and eee 

increased drive provide the capability to drive 1a 288 By SB 2 
the bus lines in a bus-organized system without ao 1 28 2726 

need for interface or pull-up components. 

PRODUCT PREVIEW oepgtt © 1983 ee Taxa inetranente S icomeratid 

This page contains information on a 

product under development. Texas TEXAS Be 

Dhnnge ox gcontivie-sike prodlict INSTRUMENTS 


without notice. POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 





9 
” 
a 
> 
© 
= 
Oo 
Y”) 
< 
Q 
z 
< 
” 
ol 
< 


2-153 


TYPES SN54ALS845, SN54AS845, SN54ALS846, SN54AS846 
SN74ALS845, SN74AS845, SN74ALS846, SN74AS846 
8-BIT BUS INTERFACE D-TYPE LATCHES WITH 3-STATE OUTPUTS 





The output controls (OC1, OC2, OC3) do not affect the internal operation of the latches. Old data can 
be retained or new data can be entered while the outputs are in the high-impedance state. 


The SN54ALS845, SN54AS845, SN54ALS846, and SN54AS846 are characterized for operation over 
the full military temperature range of —55°C to 125°C. The SN74ALS845, SN74AS845, SN74ALS846, 
and SN74AS846 are characterized for operation from O°C to 70°C. 


FUNCTION TABLES 
‘ALS845, ‘AS845 


INPUTS OUTPUT 


PRE CLR OC1 OC2 OC3 C 


‘ALS846, 'AS846 


INPUTS OUTPUT 
PRE CLR OC1 OC2 OC3 





ol 









=x 
rc 
rr 
rc 
rc 
= 
c 
- 





Cc 
X 
Xx 
X 
H 
H 
L 
x 
Xx 
Xx 
x 
x 
x 
X 


xXx KKK KK KITT IrIr st 
xx xx KK KIT Tore 
ZDToOoreeretrterl[rrrrer 
Tetretrtyrerereer 
xx xxx & XIX Dex x xO 
x KKK KK KIT Tor st 
x «KKK KK KIC Corer 
TrorIrTrrerjyrerrer re 
Po Pea eee ee ee 
Pe ee rea eee eee ee 
x «KKK KK KK Dom KKK 





logic symbols 


“ALS845, ‘AS845 


‘ALS846, ‘AS846 





—— (1) 





> oci 

— Oc2 

~” oc3 (23) 

> PRE (14) 

> CLA (11) 

iw) c 

> 1D 10 
” 2D 20 
(7) 30 30 
5 4D ae 
oe) , 5D 50 
Ce 6D 6a 
= 7D 7a 
—” 8D 8a 


Pin numbers shown are for JT and NT packages. 








These symbols are in accordance with IEEE Std 9 and recent decisions of IEEE. 





PRODUCT PREVIEW 
This page contains information on a 
product under development. Texas 
Instruments reserves the right to 
change or discontinue this product 
without notice. 
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TYPES SN54ALS845, SN54AS845, SN54ALS846, SN54AS846 
SN74ALS845, SN74AS845, SN74ALS846, SN74AS846 
8-BIT BUS INTERFACE D-TYPE LATCHES WITH 3-STATE OUTPUTS 





logic diagrams (positive logic) 
‘ALS845, ‘AS845 ‘ALS846, ‘AS846 











Y) 
FE 
=) 
O 
as 
O 
” 
< 
Q 
= 
6 
“” 
=mal 
= § 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VG@inkscs4-c a Pewee she ei eh Biel ae Pe ed Mle A Rae Woe teed 7V 

IMpUtVOITAGE: vir iG o56. Sea tw Sat ea wes aoe tk te See ie ee ee 7V 

Voltage applied to a disabled 3-state output... 20... 0... eee 5.5 V 

Operating free-air temperature range: 

SN54ALS845, SN54AS845, SN54ALS846, SNS4AS846................. —55°C to 125°C 
SN74ALS845, SN74AS845, SN74ALS846, SN74AS846 ................. -~O°C to 70°C 
Storage temperature range ......... 2... ee ee ee eee ~65°C to 150°C 
___ PRODUCT PREVIEW ri 
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TYPES SN54ALS845, SN54ALS846 
SN74ALS845, SN74ALS846 
8-BIT BUS INTERFACE D-TYPE LATCHES WITH 3-STATE OUTPUTS 





recommended operating conditions 






SNS4ALS845 SN74ALS845 
SN54ALS846 SN74ALS846 UNIT 


Vee Supply voltage Tas 6 85) 45 6 558] Vv] 
Vin High-level input voltage ee es ee 












Vit___tow-level input voltage Pe ea co | 
Fon High-level output curent SSS 2 | 
Fiou —_towlevel output current SSS Sm 
=< = [| 
[isu Setuptime, data before enable) CdYCCSCSC~dC 
Ce re a a eR ey 
3 a 
[TA Operating Wee-airtemperature—SCidSCSC‘SYPOOC~*~*«SOSYC 











electrical characteristics over recommended operating free-air temperature range 


(unless otherwise noted) 
SN54ALS845 SN74ALS845 
SN54ALS846 SN74ALS846 UNIT 


MIN TYPt MAX | MIN TYPT MAX 










TEST CONDITIONS 




















Vcc = 4.9Vto 5.5 V, IoH = -0.4mA Vec-2 Vec-2 > 

(oH = 1 mA v 
lon = —2.6 mA Pw oem oe 

2 lol = 12 mA 0.25 04 
fou = 24 mA a NE 
Vo=27V 

> Vo =04V 

= Wa7V Se 

” VWs 27V 

> Va OaV ne ee 

Pd Vo = 2.25 V —15 ~70 | -15 -70 

o Outputs high fete eg, ee a 

‘ALS845 POutputsow | id 

eli i 
Outputs high id Cid CC~*Y 

oe ‘ALSB46 POutpusiow i Cd 

5 28 

2) TAIl typical values are at Vec = 5 V, Ta = 25°C. 

Cc +The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, IQs. 

a Additional information on these products can be obtained from the factory as it becomes available. 
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TYPES SN54ALS845, SN54ALS846 
SN74ALS845, SN74ALS846 
8-BIT BUS INTERFACE D-TYPE LATCHES WITH 3-STATE OUTPUTS 





‘ALS845 switching characteristics (see Note 1) 


Vcc = 4.5 V to 5.5 V, 
C_ = 50 pF, 
R1 = 5000, 
PARAMETER epem R2 = 5002, 
(INPUT) cua 
= MIN to MAX 
—asantsens — | earaniseas— 











u 









‘ALS846 switching characteristics (see Note 1) 


Voc = 4.5 V to 5.5 V, 
Ci = 50 pF, 
R1 = , 
PARAMETER FROM o = nan 
INPUT ae Zz 
Ta = MIN to MAX 
SN54ALS846 SN74ALS846 
MIN TYPT MAX | MIN TYPt MAX 








Se Sean aan Se ae sce oot Ww 
LP reese =| 5 
ae Cee oe 
Tall typical values are at Vcc = 5 V, Ta = 25°C. x 
NOTE 1: For load circuit and voltage waveforms, see page 1-12 of the TTL Data Book, Volume 3. _{ 
Additional information on these products can be obtained from the factory as it becomes available. w” 
a 
\ 
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TYPES SN54AS845, SN54AS846 
SN74AS845, SN74AS846 
8-BIT BUS INTERFACE D-TYPE LATCHES WITH 3-STATE OUTPUTS 





recommended operating conditions 


SN74AS845 
SN74AS846 


4 


. Buide durnden CLR or PRE low 
se aura 
Ww " C high 


Setup time, data before enable Ct 
Hold time, data after enable Ct 


oe uk = 


CLR 
Operating free-air temperature 


electrical characteristics over recommended operating free-air temperature range 
(unless otherwise noted) 


oO 











PARAMETER TEST CONDITIONS SN54AS846 SN74AS846 
7 | 
vee SAS. =1.2 Sa dE 
oe 
Sra es 
2 ae 
Vv 
Vo ee 
a) Ce os 
= Vo = 0.4V [SPORES OF SNES Tel 
” VW=7V po Tt | ma 
> Vi = 2.7V nee 2 eee oe 
2 = 0.4V pan | 0.8 FA 
) = 2.25V [30-12 [-30 112 | ma 
on a a ey a 
> Outputs iow —*+| 2. es | 528s | 
2 Fouinutsdeaticg [ses [528 
Q POuputshign | —SSSCidT SCC 
a POupustow SiS CdYSCCC*d 
° F Outputs disabied | 3 —«i SiS 
Cc TAIl typical values are at Vec = 5 V, Ta = 26°C. 
Oe | +The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, logs. 
” Additional information on these products can be obtained from the factory as it becomes available. 
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; TYPES SN54AS845, SN54AS846 
; SN74AS845, SN74AS846 
8-BIT BUS INTERFACE D-TYPE LATCHES WITH 3-STATE OUTPUTS 





‘AS845 switching characteristics (see Note 1) 


Vcc = 4.5 V to 5.5 V, 
CL = 50 pF, 
R1 = 5000, 
PARAMETER rnOM R2 = 500 2, 
(INPUT) eee = 
Ta = MIN to MAX 


=45Vt05.5V, 
= 50 pF, 
500 Q, 

= 500 2, 
MIN to MAX 








E 
5 
__nz __ typical values are at Ta = 25°C. = 
NOTE 1: For load circuit and voltage waveforms, see page 1-12 of The TTL Data Book, Volume 3. r 
Additional information on these products can be obtained from the factory as it becomes available. ~ 
| a 
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TYPES SN54ALS845, SN54AS845, SN54ALS846, SN54AS846 
SN74ALS845, SN74AS845, SN74ALS846, SN74AS846 
8-BIT BUS INTERFACE D-TYPE LATCHES WITH 3-STATE OUTPUTS 





D flip-flop signal conventions. 


SLINDHIO SV GNV SivV fbey 


It is normal TI practice to name the outputs and other inputs of a D-type latch and to draw its logic 
symbol based on the assumption of true data (D) inputs. Then outputs that produce data in phase with 
the data inputs are called OQ and those producing complementary data are called Q. An input that causes 
a Q output to go high or a O output to go low is called Preset; an input that causes a O output to go high 
or a Q output to go low is called Clear. Bars are used over these pin names (PRE and CLR) if they are 
active-low. 


The devices on this data sheet are second-source designs and the pin. name convention used by the original 
manufacturer has been retained. That makes it necessary to designate the inputs and outputs of the inverting 
circuit D and Q. In some applications it may be advantageous to redesignate the inputs and outputs as 
D and @. In that case, outputs should be renamed as shown below. Also shown are corresponding changes 
in the graphical symbol. Arbitrary pin numbers are shown in parentheses. 


Notice that Q and Q exchange names, which causes Preset and Clear to do likewise. Also notice that the 
polarity indicators (C_) on PRE and CLR remain since these inputs are still active-low, but that the presence 
or absence of the polarity indicator changes at D, Q, and G. Of course pin 5 (Q)is still in phase with the data 
input D, but now both are considered active high. 
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TYPES SN54AS850, SN54AS851, SN74AS850, SN74AS851 
1 OF 16 DATA SELECTORS/MULTIPLEXERS WITH 3-STATE OUTPUTS 


DECEMBER 1983-—REVISED APRIL 1984 





@® 4-Line to 1-Line Data Selectors/Multiplexers SN54AS850, SN54AS851 .. . JD PACKAGE 
That Can Select 1 of 16 Data Inputs. SN74AS850, SN74AS851 . . . N PACKAGE 
Typical Applications: (TOP VIEW) 


Boolean Function Generators 
Parallel-to-Serial Converters 
Data Source Selectors 


Cascadable to n-Bits 
3-State Bus Driver Outputs 


‘AS850 Offers Clocked Selects; ‘AS851 
Offers Enable-Controlled Selects 


@ Has a Master Output Control (G) for 
Cascading and Individual Output Controls 
(GY, GW) for Each Output 


@ Package Options Include both Plastic and 
Ceramic Carriers in Addition to Plastic and 
Ceramic DIPs 





SN54AS850, SN54AS851 . . . FH PACKAGE 
© Dependable Texas Instruments Quality and SN74AS850, SN74AS851 . . . FN PACKAGE 
Reliability (TOP VIEW) 


description 


These four-line to one-line data 
selectors/multiplexers. provide full binary 
decoding to select’one-of-sixteen data sources 
with complementary Y and W outputs. The 
‘AS850 has a clock-controlled select register 
allowing for a symmetrical presentation of the 
select inputs to the decoder while the ‘AS851 
has an enable-controlled select register allowing 
the user to select and hold one particular data 
line. 





A buffered group of output controls (G, GY, GW) 
can be used to place the two outputs in either 
a normal logic (high or low logic level) or a high- 
impedance state. In the high-impedance state 
the outputs neither load nor drive the bus lines 
significantly. The high-impedance state and 
increased drive provide the capability to drive the 
bus lines in a bus-organized system without the 
need for interface or pull-up components. 


*CLK for ‘AS850 or SC for “ASB51 


wi 
Gno f 
$3] 
sf 
sif 
sou 
ALS AND AS CIRCUITS Sz 


The output controls do not affect the internal operations of the data selector/multiplexer. New data can 
be setup while the outputs are in the high-impedance state. 


The SN54AS850 and SN54AS851 are characterized for operation over the full military temperature range 
from —55°C to 125°C. The SN74AS850 and SN74AS851 are characterized for operation from 0°C to 


70°C. 
ADVANCE INFORMATION . Copyright © 1983 by Texas Instruments {ncorporated 
This document contains information wy 
on a new product. Specifications are TEXAS 2-161 
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TYPES SN54AS850, SN54AS851, SN74AS850, SN74AS851 
1 OF 16 DATA SELECTORS/MULTIPLEXERS WITH 3-STATE OUTPUTS. 





INPUT SELECTION TABLE OUTPUT FUNCTION TABLE 


SELECT INPUTS ‘AS851 INPUT 
SELECTED 
00 


D1 
D2 
D3 


D4 


OUTPUTS 
Ww 


x= 
Ol>7 ee Ale Fe FFI eH FIO FO 
rc 





DS 
D6 


O = level of selected input DO—D15 


D7 


rte Lit TT tir rr ele ee 
Ds Ses a Se OO ee ed OO SO 2 
Torr jyTrTrrjzTorTrerrjztiore 


x< 
x< 


x([XDr Drip er tTrijrtrrtrjrtrinr 





Dn = the input selected before the most-recent low-to-high transition of CLK 
or SC. 


logic symbols 


2? "AS851 
G G 
> GY GY 
om Gw GW 20EN22 
~” CLK se 2) 623 
> so so 
s1 $1 
= $2 $2 
O S3 $3 
> po 0 DO 0 
~ D1 1 D1 1 
D2 2 D2 2 
OQ: D3 3 D3 3 
ad D4 4 p4 4 
© DS 5 DS 5 
Cc D6 6 D6 6 
=| D7 7 D7 7 
~” D8 8 Ds 8 
bo 9 p9 9 
p10 D10 
b11 D11 
D12 D12 
D13 D13 
D14 p14 
D15 D15 








wy 
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‘AS850 logic diagram (positive logic) (see inset for ‘AS851) 
qi) 

ey BTL 

(11) 4 


et k US, 
18 
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s1 (17) "AS851 


SELECTION 


$2 (16) LATCHES 


8 
po 2! 


; (7) 
D1 


6 
eed 


(5) 
D3 


(4) 
D4 





(3) 
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ja 





(1) 
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TYPES SN54AS850, SN54AS851, SN74AS850, SN74AS851 
1 OF 16 DATA SELECTORS/MULTIPLEXERS WITH 3-STATE OUTPUTS 


~ 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supplyvoltage, VGC xc e ee tet Pbk be ere eA Gh Dd, Ee OE Rea aaa eh ate, TS 7V 
Input voltage ........ ee eee ee es bd Welles jAlled wae DEA Me SAA aes 7V 
Operating free-air temperature range: SN54AS850, SN54AS851............. -—55°C to 125°C 

SN74AS850, SN74AS851 ................ 0°C to 70°C 
Storage temperature range ...........00 cc cee cece renee B55, di a dd aus aes -—65°C to 150°C 


recommended operating conditions 


Twin NOM MAX [ MIN NOM MAX, 
[Voc _Supplyvotage———SSC~“~“~*S*C*‘“‘“*S™S™SCSC~dC SSC“ “SC SO 
[Vin High-level inputvoligge——SSSCSC~—C‘C~CSCSCSdT Cd 
Vi, __Lewrlevel input volege OT 
To High-level output curent SSCS 
To, Low-level output current SSS 
felock Clock frequency SSCS Cd OT 
pee a ee 
Rae SAR Nini ead 
eee Oe 
er 








SN54AS850 SN74AS850 

















UNIT 


t Pulse duration Si high 
w mie CLK low 


tsy Setup time, select inputs before CLKT 
th Hold time, select inputs after CLKt 
TA Operating free-air temperature 


-55 ‘ 





.¢) 





electrical characteristics over recommended operating free-air temperature range (unless otherwise 


noted) 
PARAMETER TEST CONDITIONS 
ViK 





[vx id Seg = 45, tema CS” 
Vcc = 4.5 Vto5.5V, lon = -2mA 

Vou 
Vcc = 4.5 V, loH = —15 mA 









: Vo = 2.25 V 


Outputs active PO 
Van pey [Outputs active 
sg = Outputs disabled 


Tall typical values are at Vcc = 5V.Tap = 25°C. 
+The output conditions have been chosen to produce a current that closely approximates one-half of the true short-circuit current, Ios. 


Additional information on these products can be obtained from the factory as it becomes available. 
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TYPES SN54AS850, SN74AS850 
1 OF 16 DATA SELECTORS/MULTIPLEXERS WITH 3-STATE OUTPUTS 





switching characteristics (see Note 1) 


Vcc = 4.5 V to 5.5 V, 
CL = 50 pF, 
FROM . To R1 500 2, ; 
PARAMETER (INPUT) (OUTPUT) R2 = 5009, 
; Ta = MIN to MAX 
. SN54AS850 
MIN TYPt MAX 
























[SN54AS850__|___ SN74AS850 
a iN ee ee OO es 
t ae ee 10.5 
nee ¢ a 
t ei eee ee eee 
AGO a 3 
ea aa Tae SY 
a 
CLK Y. 
ES 3 17.5 
eer ee a eee 
CLK WwW 
a ee ee 3.5 13 
t en een Ge ene 
¥ 
ae ana a Ree 
: re ee eee Ps ee 
a Y 
Se ee 
2 8 
“ ee eee (ee eee 
a ee eee | 
ee 
[aa eee eae ee ee 
aaa EN DEE n 
ee eT ce ee n” 
ee See ee (7) 
aa Lea Sa 25 5 
aa eee (Es O 
2 a oc 
TAI typical values are at Vec = 5 V, Ta = 26°C. © 
NOTE 1: For load circuit and voltage waveforms, see page 1-12 of The TTL Data Book, Volume 3. uv”) 
(a) 
a 
Dn 
q 
Ti wi 
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TYPES SN54AS851, SN74AS851 
1 OF 16 DATA SELECTORS/MULTIPLEXERS WITH 3-STATE OUTPUTS 





recommended operating conditions 


2 
OL z 


Few Pulse duration =<‘ SEow —SSSCSCSC“‘idTSC“‘;CC*' 
Piey Setup tne, elect nputs before SC ———SSCSCSC~C~—~‘SSCSCSCSCSCSCSC~*d 
Fin Hold time, select inputs ater SCr_———SSSCSC~—CSCSCiSCC*d 

A p=55 125 | 


T Operating free-air temperature -55 - 125 





electrical characteristics over recommended operating free-air temperature range 
(unless otherwise noted) 


PARAMETER TEST CONDITIONS etasibiaahcoll SN74AS851 
MIN TYPT MAX | MIN TyPt 

= 

2 


Veo = 48V. i= —18 mA 
Vec = 4.5Vto5.5V, loo = —-2mA 
Ves 5:28 ¥: LOH 02 mn 
| [vec =45V, _lon= -15mA «dT SSSCS~S~=S 
: = 25 
VOL 
52 


Vcc = 4.5 V, lol = 48 mA 


lozH Vec = 5.5 V, "Vo =2.7V_ 
Vec = 5.5 V, Vo = 04V 


Vcc = 5.5 V, V=7V 
Vcc = 5.5 V, Vy = 2.7V 


e) 


Vec = 5.5 V, Vv, = 0.4V 


2 3 
ae Sees jot = 32 mA 
= 5.5V, Vo = 2.25 V -30 -112 


Outputs disabled en 





TAIl typical values are at Vec = 5 V. Ta = 25°C. 
+The output conditions have been chosen to produce a current that closely approximates one-half of the true short-circuit current, Ios. 


Additional information on these products can be obtained from the factory as it becomes available. 
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TYPES SN54AS851, SN74AS851 
1 OF 16 DATA SELECTORS/MULTIPLEXERS WITH 3-STATE OUTPUTS 





switching characteristics (see Note 1) 


Voc = 4.5 V to 5.5 V, 
C_ = 50 pF, 
eT ee FROM R1 = 5000, 
(INPUT) acres R2 = 5000, 
Ta = MIN to MAX 
SN54AS851 SN74AS851 
MIN TYPt MAX 


10.5 
PLH Any D 
t 

ae 
t 

50, $1, $2, $3 
t 

“$0, 1, $2, $3 




















= 
o 


foo] 


a 
a 


wo aj af a] & 

aln N N] apy! oo “I 

NR] elo] rm] of wl ow wo] wl wt w w | o 
= = tO =/—o} =] 4 = 

ala}— a] @ ot am] of co = 


> 
crm 
it 
cr 
wW 
dD 
= 






TAIl typical values are at Vcc = 5 V. Ta = 25°C. 
NOTE 1: For load circuit and voltage waveforms, see page 1-12 of The TTL Data Book, Volume 3. 
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TYPES SN54AS850, SNS4ASB51, SN74AS850, SN74AS851 
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TYPICAL APPLICATION DATA 


aass 


Tne ‘AS850 or ‘AS851 can be used as a i-of-16 Boolean function generator. Figure 1 shows the ‘AS850 
in one example. 












= 


ie 
bl 
re 


i 








: 
re 


| 














aa eae: eases 
tt ee 

fc A en gh he Be a we Pe ed 

E pees ERE 

4 ee 

DISABLE aaa 














COUNT 
DISABLE 


ACT 


SLINDYID SV GNV S1V lo 


> 






Dok od 
2 ii tee ae ea 





FIGURE 1—1-OF-16 BOOLEAN FUNCTION GENERATOR 





of 
TEXAS 
INSTRUMENTS 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


2-168 


CLOCK 


> 


i?) 


o 





TYPES SN54AS850, SN74AS850 
1 OF 16 DATA SELECTORS/MULTIPLEXERS WITH 3-STATE OUTPUTS 





TYPICAL APPLICATION DATA 


‘AS850 


FIGURE 2—1-OF-32 DATA/SELECTOR/MULTIPLEXER 
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TYPICAL APPLICATION DATA 


ooaounp 


so 


$2 
$3 


SLINDYID SV GNV STV re 





FIGURE 3-1-OF-64 DATA SELECTOR/MULTIPLEXER 
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8-BIT UNIVERSAL TRANSCEIVER PORT CONTROLLERS 


D2661, DECEMBER 1982—REVISED FEBRUARY 1984 





e Included among the Package Options Are Com- SN54AS877 .... JT PACKAGE 
pact, 24-Pin, 300-mil-Wide Dips and Both 28- SN74AS877 . .. . NT PACKAGE 
Pin Plastic and Ceramic Chip Carriers (POPIVIEW) 


e Buffered 3-State Outputs Drive Bus Lines 
Directly 


e Cascadable to n-Bits 


e Eight Selectable Transceiver/Port Functions: 


—AtoBorBtoA 

— Register to A or Register to B 

— Shifted to A or Shifted to B 

— Off-Line Shifts (A and B Ports in High- 
Impedance State) 

— Register Clear 





e Particularly Suitable for Use in Signature- 


Analysis Circuitry SN54AS877 .... FH PACKAGE 


SN74AS877 .... FN PACKAGE 


e Serial Register Provides: 
(TOP VIEW) 


— Parallel Storage of Either A or B Input Data 
— Serial Transmission of Data from Either 
Aor B Port — 


e Dependable Texas Instruments Quality and 
Reliability 





NC — No internal connection 


description 


The 'AS877 features two 8-bit 1/O ports (A1-A8 and B1-B8), an 8-bit parallel-load, serial-in, parallel-out shift register, 
and control logic. With these features, this device is capable of performing eight selectable transceiver or port functions, 
depending on the state of the three select lines SO,S1,and S2. These functions include: transferring data. from port A to 
port B or vice versa (i.e., the transceiver function), transferring data from the register to either port, serial shifting data 
to either port, performing off-line shifts (with A and B ports in high-impedance state), and clearing the register. Syn- 
chronous parallel loading of the’internal register can be accomplished from either port on the positive transition of the 
clock while serially shifting data in via the SERIN input. The ‘AS877 is ideally suited for applications needing signature- 
analysis circuitry to enhance system verification and/or fault analysis. All serial data is shifted right. All outputs are 
buffer-type outputs designed specifically to drive bus lines directly and all are 3-state except for Q8, which is a totem- 
pole output. 


ALS AND AS CIRCUITS B® 


The SN54AS877 is characterized for operation over the full military temperature range of —55°C to 125°C. The 
SN74AS877 is characterized for operation from 0°C to 70°C. 
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TYPES SN54AS877, SN74AS877 
8-BIT UNIVERSAL TRANSCEIVER PORT CONTROLLERS 









FUNCTION TABLE 
PORT 


ge tn a ts es sc 
FUNCTION 
ee te ZQ,A1] ZQ,A2] ZOQ,A2] ZO,A4] 20, A5 ZQnAB} op 
t x | ZA1A1] ZA2A2] ZA3A3] ZA4A4] ZA5AS | ZABAG| ZA7A7| ZABAB 
t x B181Z| 8282Z] B3B3Z}] B4B4z| B585Z | BEBEZ| B7B7Z]| BB8BBZ 
x | ZA1A1} ZA2A2} ZAZA3| ZA4A4| ZABAS | ZAGBAG| ZA7A7} ZABAB 
eee 030, x | o4a,x] o50,x |] a6a, x] a70,x Sa egs | ONTOAN 
B1B1Z] B2B2Z| 63B83Z] B4B4z2] B5B5Z] BEBEZ| B7B7Z] BBB8z 
ZO, O1 
ZHH 








CT Cir ce 
rir cryr 7 








ricer 
a 
= 
> o 
9 
r 


ree 
= 

> - CO 
= 
r 

N 

cr 

cr 


Ee 
= 
+0 
Q 
a 


po as C= 69 
xJxrixr[erer|reerjyces 

x= 

> = 0 

= 

rc 





EE: 
+ 
> - Oo 
Q 
= 
NNN 
rx! 
NNW 


ZQnZ ZQ,Z ZQ,2 ZQ,2 ZQ,Z ZA,2 
ZQ22 Z2Q3Z Z204Z 2052 Z2Q62 2Qa7Zz SHIFT 
Z2Q2Z Z2Q32 2042 Za5Z ZQ62Z Z2Q7Z2 
ZQ,Z2 | ZQ,Z2 | ZQ,2 ZQ,Z] ZQ,2[ ZQ,2 
ZLZ ZLZ ZLZ ZL2 ZLZ ZLZ ZLZ 
n = level of Q,(n = 1, 2... 8) established on most recent t transition of CLK, Q1 thru Q8 are the shift register outputs; only Q8 is available 
externally, The double inversions that take place as data travels from port to port are ignored in this table, 


2? logic symbol 


L 
L 
H 
H 
L 
L 
H 
H 
L 
L 
L 
H 
H 
H 
L 
L 
L 
H 
H 


mex 
= 
<= 
> Co 
o 
- 
>» 
NN 
= 
Nn 





[PORT CONTROLLER] 








st 
$1 
$2 





CLK 





l=0 
(4/5/6)10D 
(0/2)10D 


SERIN 
Al 





(21) 





(1/3)10D 


A2 


A3 


A4 
AS 
AG 
A7 


> 
r 
” 
> 
= 
0 
> 
7] 
2) 
=) 
© 
= 
=| 
” 


A8 


Pin numbers shown are for JT and NT packages. 
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TYPES SN54AS877, SN74AS877 
8-BIT UNIVERSAL TRANSCEIVER PORT CONTROLLERS 
























= ne 


B2 





FOUR IDENTICAL CHANNELS NOT SHOWN 
pa a atl ar SHOWN: 
19) B3 
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TYPES SN54AS877, SN74AS877 
8-BIT UNIVERSAL TRANSCEIVER PORT CONTROLLERS 


absolute maximum ratings over free-air temperature range 


Supply voltage: VG: fuss: ey. Ao wth 3 eS EE EW See Ss SP Se ee Se ae Wi a ae ws ed 7V 
Input-voltage:-AW inputs: “accel vin wae ege a Deere he weigh clin ecb oaks ache: up ea ge Grea dS & leuer Bie 7V 
WLOi POURS: ss see Se a ASS ntinse sen atvotah deed ap sth a Quanta dave te ainabetial Gite Salis faye tates a dee hatter ot atl 5.5V 

Voltage applied to a disabled 3-state output 2... ee ee eee ee eee ees 5.5V 
Operating free-air temperature range: SN54AS877 gk ke eee ee ee eee —55°C to 125°C 
SINTARSOTE © ne cre re terark < aeasd wrath aie Ave a dee ANN 0°C to 70°C 

Storage temperature range 6. eee ee ee ee eee tenes —65°C to 150°C 


recommended operating conditions 


Vcc Supply voltage 
VIH High-level input voltage 2 
VIL Low-level input voltage 


, A1-A8, B1-B8 

IOH High-level output current og 
A1-A8, B1-B8 

loL Low-level output current iad a 


| MIN NOM MAX | 
pas 5 55 | 
ae 
ars 
-2 
late 
i ana) 
aegis coe 


SN54AS877 SN74AS877 




















tw Duration of clock pulse 


A1-A8, B1-B8 
SERIN 

$0, $1, $2 
A1-A8, B1-B8 
SERIN 
$0,$1,S2 | 


tsu Setup time before CLKt 


th Hold time, data after CLK t 


° 


‘ nN 
~ N 
rs) ° 





55 





TA Operating free-air temperature 


Additional information on these products can be obtained from the factory as it becomes available. 


-SlinoulD sv anv siv [Dy 
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TYPES SN54AS877, SN74AS877 
8-BIT UNIVERSAL TRANSCEIVER PORT CONTROLLERS 








electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 
SN74A) 
sal 


SN54AS877 
PARAMETER TEST CONDITIONS 
Taee a ate mA 


AURB Veo = 45 V. ign= -12mA | 2 32 [Ss 
B1-88 Veo = 4.8, lo = =t8mA [Sid dC 















3.2 
Voc = 45Vt05.5V, lon = ~2 mA 
Veo = 4.8 V. lor = 32mA | SST CC*d 
All outputs except Q8 oe ol _ = 2 
Vec = 4.5 V, lor =48mA | 0.35 0.5] V 
Vcc = 4.5 V, lol = 20 mA 0.25 0. 0.25 0.5 
0 


ee 5 
so, 81,2 
Vv = 5.5 V, Vi=7V 
CLK and SERIN cae Xe 
A1-A8, B1-B8 Vcc = 5.5 V, Vp = 5.5V 


VOH 
VOL 






SO, S1, $2 
CLK and SERIN 
A1-A8, B1-B8? 






SO, $1, $2 
Ne CLK and SERIN 
A1-A8, B1-B8* 
E t 8 
Veo = 55V 136 136220 


Tall typical values are at Vcc = 5 V, Ta = 25°C. 
*For 1/0 ports, the parameters jy and |), include the output currents Igz} and IQ7,, respectively. 
The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, logs. 












switching characteristics (see Note 1) 


; Vec = 4.5 V to 5.5 V, 
Cy = 50 pF, 
R1 = 5002, 
PARAMETER FROM TO R2 = 500 0, 
(INPUT) (OUTPUT) Ta = MIN to MAX 
SN54AS877 
[MIN MAX | 
ae Wrared 


ae a ee 












tt 





iH 









tPLH 2 j 
Any A port Any 8 port 
tH poet ie 5 
3 
PHL : 
Ray Ror 3 15 
tPHL port 2 5 





ALS AND AS CIRCUITS 








3 
2 


t Any AorB 
50, $1, $2 ny Aor 
port 


NOTE 1: For load circuit and voltage waveforms, see page 1-12. 


t Any AorB 
Bie v 
tPHL port 
CLK 


wo N 
={™ [a =| © 
wf afo - 
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TYPES SN54AS877, SN74AS877 
8-BIT UNIVERSAL TRANSCEIVER PORT CONTROLLERS 





TYPICAL APPLICATION DATA . 


BUS A TO BUS B OR BUS B TO BUS AOR 
SERIAL TRANSMISSION SERIAL TRANSMISSION 


SERIAL IN 
CLK 


SERIAL IN 
CLK 





SERIAL SERIAL 
OUT OUT 
SERIAL IN TO A PORT SERIAL IN TO B PORT 
SERIAL IN SERIAL IN 
CLK CLK 


SLINDYID SV GNV S1V Re 





SERIAL SERIAL 
OUT OUT 
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TYPES SN54ALS1245A, SN74ALS1245A 
OCTAL BUS TRANSCEIVERS WITH 3-STATE OUTPUTS 


02661, DECEMBER 1982—REVISED FEBRUARY 1984 





@ ‘Bidirectional Bus Transceivers in High-Density 2Q-Pin SN54ALS1245A .. . J PACKAGE 
Packages SN74ALS1245A . . . N PACKAGE 


Lower-Power Version of “ALS245A 
‘ALS1245A is Identical to ‘ALS1645A 


Package Options Include Both Plastic and Ceramic 
Chip Carriers in Addition to Plastic and Ceramic DIPs 


@ Dependable Texas Instruments Quality and Reliability 


description 


This octal bus transceiver is designed for asynchronous two-way _ : 
communication between data buses. The device transmits data 
from the A bus to the B bus or from the B bus to the A bus : oe ged 
depending upon the level at the direction control (DIR) input. The SN54AL81245A SCOPE PACKAGE 
enable input (G) can be used to disable the device so the buses SN74ALS1245A . . - FN-PACKAGE 
are effectively isolated. : 





The -1 version of the SN74ALS1245A is identical to the standard 
versions except that the recommended maximum Io, is increased 
to 24 milliamperes. There is no -1 version of the SN54ALS1245A. 


The SN54ALS1245A is characterized for operation over the full 
military temperature range of —55°C to 125°C. The 
SN74ALS1245A is characterized for operation from 0°C to 70°C. 












FUNCTION TABLE ; 2 
CONTROL 
INPUTS OPERATION ~” 
| GDR ' logic symbol - 
B data to A bus ane _) 
A data to B bus aq i190: aa © 
po HX isolation pir {2 3 EN1 [BAI c 
3 EN2 [AB] © 
Al Bi “” 
logic diagram (positive logic) (17) go < 
A2 
s 2 
A3 B3 m4 
4 7) 
pIR AA : —J 
A5 B5 < 
Al B1 
A6 B6 
A7 B7 
TO SEVEN OTHER TRANSCIEVERS . 
A8 — BS 
Pin numbers shown are for J and N packages. 
¢ Copyright © 1982 by Texas Instruments Incorporated 
Ih, 
Texas * uy 2-177 
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TYPES SN54ALS1245A, SN74ALS1245A 
OCTAL BUS. TRANSCEIVERS WITH 3-STATE OUTPUTS 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply:voltage,. VAG vos ie tian ee 6 eens ooo Guay od heen ede ahd ah ee ea 7M 
Input voltage: All inputs .... 6.66. eee ees dah oy Bid Sey agp aats e Se sdeceP tbe Both Ee apes Sgt Soo we tao tee 7V 
1{O POrts 2-5) 56 8 eek ee ees, Att Se he ete ec ee Bea Soscaste ich carted Ge seiceta Ghieeant he eae Ge 5.5V 

Operating free-air temperature range: SN54ALS1245A... 1... ee es -—55°C to 125°C 
SN74ALS1245A) 2. 3sseeode we eb ee es He hl le oe Red 0°C to 70°C 

Storage temperature: range s.5 oe ec0ek occ wey his BEG Recs ace Goa Ue and sae SA aun ands Seeye Sok a -65°C to 150°C 


recommended operating conditions 












ea SSO RN eT (A 
Vint Fighver input vor er een ee Damas ES 
Vit Low-level nput vlioge eaenseaoek (1 RRP RT 

ea Hiphioeh ouput einen So ee 

abe 2 Rees 
ic ie See et a ee 
TA Operating free-air temperature f-55 sid: fe) 70 






tThe extended limit applies only if Vcc is maintained between 4.75 V and 5.25 V. 
The 24-mA limit applies for the SN74ALS1245A-1 only. 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 





SN54ALS1245A SN74ALS1245A 





TEST CONDITIONS 


¢ 
< 
=| 





? MIN TYP? MAX | MIN TYP# MAX 
P vik S=~w Vg = SV, y= ema |] 
Voc = 4.5 V 10 58V, Ion = -0.4mA 
Vcc = 4.5V, lon = -3mA 2.4 3.2 2.4 3.2 
> Voi aoc z OH = Vv 
- | cc = 4.5V, ion= 12m | 2 SidSSSSSC—S 
n | Veo = 4.5, ion = —15mA | —S—S—id 2d 
> Vcc = 4.5 V, lo = 8 mA 0.25 04] 0.25 0.4 | 
Vv Vec = 4.5 V lo. = 16 mA Vv 
2 OL cc ' OL 
rw] (lo- = 24 mA for ~—1 version) ae a 
[Controfinputs _[Vog = 5.5. Wiese OL On| 
> Te? Wesew iP Oi ON 
20 [20 
Vec = 5.5 V, Vie 27V A 
© | lesen" ! ee eo ee ee 
5 Controt inputs ee 
; [Control inputs |. = 5.8 V, Vy = 0.4V 
ae A,B pores | oC | SS 
Cc (or Wee = 58, Vo =225V | -30 =112 [-30__ 112 | ma 
= Pourput high | at | 2130 
a | tcc Vec = 5.5V Pourput tow 2336 2333 | mA 
Output disabled [ 25 40 | 25-36 





FAll typical values are at Vcc = 5 V, Ta = 25°C. 
5For 1/0 ports, the parameters IH and Ij include the off-state output current. 
‘The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lgg- 





i 
2-178 TEXAS 45 
INSTRUMENTS 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


‘84 


TYPES SN54ALS1245A, SN74ALS1245A 
OCTAL BUS TRANSCEIVERS WITH 3-STATE OUTPUTS 





switching characteristics (see Note 1) 


Vcc = 4.5 V to 5.5 V, 
CL = 50 pF, 
PARAMETER FROM . m2 = oe . 
(INPUT) eoGe 
= MIN to MAX 
| MINS MAX | 


| tPLH 
eT an AorB BorA ne 
a 
rear ee < 
ee 
ak ow 3 re] | 


NOTE 1: For load circuit and voltage waveforms, see page 1-12 of the TTL Data Book, Volume 3. 
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INTRODUCTION 


The purpose of this Application Report is to assist the 
designers of high-performance digital logic systems in the 
use of the new series of Advanced Schottky-clamped* TTL 
integrated circuits. 

Detailed electrical characteristics of these devices are 
provided and, if available, tables have been included that 
compare specific parameters of the devices with those of 
other logic families. In addition, interfamily information is 
provided to allow system designers to mix logic families in 
the same circuit. This allows the designer to use the relative 
merits of each logic family in high preformance state-of-the- 
art designs. 

The major subject areas covered in this Application 
Report are as follows: 

@ Advanced Schottky process 

®@ Fanouts 

@ Transfer characteristics 

© Input and output parameters 

®@ Speed and power information 

@ Noise margins ; 

® Power supply considerations 

® Noise sources and their abatement 

@ Back panel and printed circuit wiring 
guidelines 

@ Line driving and receiving 


INTRODUCTION TO 
ADVANCED SCHOTTKY-CLAMPED TTL 


Series 54/74 transistor-transistor logic (TTL) has, since 

‘its introduction in 1965, become the most popular. digital 
integrated circuit logic family ever offered. Its popularity 
has allowed the development of high-volume production 
techniques which have made it the most economical approach 
to the implementation of major portions of medium-to-high 
performance digital logic systems. These systems range from 
simple decision making to highly complex real-time computer 
installations that handle worldwide data processing. 

The proliferation of and economical impact of these 
digital logic systems has created a demand for constant 
improvement in efficiency. In response to demand, Texas 
Instruments examined the advantages gained by Schottky 
clamping. An increase in speed and performance was 
discovered in the use of Schottky barrier-diode clamping. 
The process was patented in the United States and the 


Schottky series 54S/74S catalog parts were made available’ 


in the early 1970s. A series 54LS/74LS was introduced later. 
The series 54LS/74LS was slower that the 54S/74S series 
but had a much lower power consumption. 


*Integrated Schottky-Barrier-diode-clamped transistor is patented by Texas 
Instruments Incorporated, U.S. Patent Number 3,463,975. 


Recent innovations in integrated circuit design have 
made it possible to develop two new families: the Advanced 
Schottky (54AS/74AS) series and the Advanced Low-Power 
Schottky (54ALS/74ALS) series. The ALS and ‘AS series 
provide considerable higher speeds than the ‘LS and 'S series, 
respectively. The ’ALS series offers a substantial reduction 
in power consumption over the ‘LS series, and the ’AS series 
offers a substantial reduction in power consumption over the 
‘S series. The ‘ALS/’AS series is pin-to-pin compatible with 
the ‘LS/'S series. 


SPEED-POWER SLOTS FILLED BY ‘ALS 
AND ‘AS TTL 


Digital integrated circuits have historically been characterized 
for both speed and power. The series 54S/74S devices contain 
19 mW NAND gates and 125-MHz flip-flops and the series 
54LS/74LS devices contain 2-mW NAND gates and 45-MHz 
flip-flops. Either of these logic families could be used to 
design a 2-MHz system, therefore categorization strictly on 
the basis of power and speed is inconclusive with respect 
to system efficiency. To provide a means of measuring the 
overall circuit efficiency and performance, a speed-power 
product efficiency index for integrated circuits was 
developed. The rating of an integrated circuit is obtained by 
multiplying the gate propagation delay by the gate power 
dissipation. 

Table I provides propagation delay times, power 
dissipation, and speed-power product for the Texas 
Instruments TTL series. In addition, it provides flip-flop 
frequency for each family as an indicator of system 
performance. The speed-power product .rating system 
(measured in picojoules) is divided into circuits where speed 
is the prime factor and circuits where low-power is the prime 
factor. The ‘ALS series speed-power product is 
approximately 4 times less than that of the ‘LS series and 
the ‘AS series speed-power product is approximately 4 times 
less than the 'S series, Figure 1 is a graphic analysis of the 
speed-power points for the various TTL families. 


ADDITIONAL ADVANTAGES OFFERED BY 
‘ALS AND ‘AS DEVICES 


The ’ALS and ’AS devices offer the following additional 
advantages: 

1. TTL compatible with 54/74, 54S/74S, 54L/74L, 
54LS/74LS, and 54H/74H series gates for 
selectively upgrading existing systems 

2. Suppresses the effects of line ringing and 
significantly reduces undershoot 

3. Higher thresholds (noise immunity) and better 
stability across operating free-air temperature 
range 

4. Input current requirement reduced by up to 50% 
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Figure 1. Speed-Power Relationships of 
Digital Integrated Circuits 


5. Fanout is doubled 

6. Terminated lines or controlled impedance circuit 
boards are normally not required. 

7. The ’AS series offers shorter propagation delays 
and higher clock frequencies with relatiyely low 
power consumption. 

8. The maximum flip-flop frequency has been 
increased to 200 MHz. 


CONCEPTS OF DEFINING SERIES ‘AS AND 
"ALS 


Both the ‘ALS and ‘AS series are electrically and pinout 
compatible with existing TTL series. The ‘ALS ‘series is 
suitable for replacing all TTL families except in the very 
highest frequency applications. Replacement with ‘ALS will 


result in lower power consumption, smaller power supply 
current spikes, and, in some cases, better noise immunity 


than the other families. In those cases where a very high 
operating frequency is required, the ‘AS series can be used. 
The ‘AS devices require less than one-half of the supply 
current of the ‘'S series and has approximately twice the 
clocking frequency. The ‘ALS devices are ideal for 
improving effeciency at the lower speeds. The ‘AS devices 


Pas [ote | 


are ideal for replacement of high-speed logic families 
including ECL 10K series. 


Compatibility With Other TTL Families 


To ensure complete electrical compatibility in systems 
using or intending to use a mixture of existing TTL families 
and the new ‘ALS/'AS families, specific guidelines have been 
implemented. These guidelines ensure the continuation of 
desirable characteristics and incorporate newer techniques 
to improve performance and/or simplify the use of TTL 
families. Figure 2 illustrates the comparison of essential 
parameters of each family and shows that complete 
compatibility is maintained throughout the 54/74 families. 


Fanout 

The compatible ratings for fanout simplify the 
implementation of logic and provide a freedom of choice in 
the use of any of the seven performance ranges to design 
a digital logic system. Any of the Texas Instruments TTL 
series gates can be used to drive any other gate without the 
use of an interface or level-shifting circuit. The use of totem- 
pole-(push-pull) type output stages provides a low output 
impedance and the capability for both sourcing and sinking 
current. The output is easily adapted for driving MOS and 
CMOS circuits as well as the interface circuits between the 
output and the devices it controls. Figure 3 illustrates fanout 
capability. 


USING THE SCHOTTKY BARRIER DIODE 


The Advanced Schottky Family has been developed from 
two earlier concepts: the Baker Clamp and the Schottky 
Barrier-Diode (SBD). The use of the Baker Clamp and SBD 
concepts resulted in the Schottky Clamped Transistor. The _ 
Schottky clamped transistor produced the increased switching 
speed associated with the S series integrated circuits. The 
additional advances that have led to the development of ALS 
and ‘AS gates and the actual gates are discussed later. 


Analysis of the Schottky Clamped Transistor 

The use of the Baker Clamp, shown in Figure 4, is a 
method of avoiding saturation of a discrete transistor. The 
diode forward voltage is 0.3 V to 0.4 V as compared to 
0.7 V for the base-emitter junction diode.. When the transistor 
is turned on, base current drives the transistor toward 
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Figure 2. Series 54/74 TTL Family Compatible Levels Showing DC Noise Margins 
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Figure 4. Baker Clamp 


saturation. The collector voltage drops, the germanium diode 
begins to conduct forward current, and excess base drive is 
diverted from the base-collector junction of the transistor. 
This causes the transistor to be held out of deep saturation, 
the excess base charge to not be stored, and the turn-off time 
to be dramatically reduced. 

A germanium diode cannot be incorporated into a 
monolithic silicon integrated circuit. Therefore, the 
germanium diode must be replaced with a silicon diode which 
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Figure 5. The Schottky-Clamped: Transistor 


has a lower forward voltage drop than the base-collector 
junction of the transistor. A normal p-n diode will not meet 
this requirement. The SBD illustrated in Figure 5 can be used 
to meet the requirement. 

The SBD illustrated in Figure 6 is a rectifying metal- 
semiconductor contact formed between a metal anda highly 
doped N semiconductor. 
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Figure 6. Schottky Barrier-Diode 


The qualitative physics of an SBD is illustrated in 
Figure 7. The valence and conduction bands in a metal 
overlap make available a large number of free-energy states. 
The free-energy states can be filled by any electrons which 
are injected into the conduction band. A finite number of 
electrons exist in the conduction band of a semiconductor. 
The number of electrons depends mainly upon the thermal 
energy and the level of impurity atoms in the material. When 
a metal-semiconductor junction is formed, free electrons flow 
across the junction from the semiconductor, via the 
conduction band, and fill the free-energy states in the metal. 
This flow of electrons builds a depletion potential across the 
barrier. This depletion potential opposes the electron flow 
and; eventually, is sufficient to sustain a balance where there 
is no net electron flow across the barrier. 

Under forward bias (metal positive), there are many 
electrons with enough thermal energy to cross the barrier 
potential into the metal. This forward bias is called ‘‘hot 
injection.’’ Because the barrier width is decreased as forward 
bias Vg increases, forward current will increase rapidly with 
an increase in Vp. 

When the SBD is reverse biased, electrons in the 
semiconductor require greater energy to cross the barrier. 
However, electrons in the metal see a barrier potential from 
the side essentially independent of the bias voltage and a small 
net reverse current will flow. Since this current flow is 
relatively independent of the applied reverse bias, the reverse 
current flow will not increase significantly until avalanche 
breakdown occurs. 

A simple metal-n semiconductor collector contact is an 
ohmic contact while the SBD contact is a rectifying contact. 
The difference is controlled by the level of doping in the 
semiconductor material. As the doping is increased, the 
contact becomes more ohmic. Figure 8 illustrates the current- 
voltage characteristics according the doping applied. 
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Current in the SBD is carried by majority carriers. 
Current in the p-n junction is carried by minority carriers. 
The resultant minority carrier storage causes the switching 
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Figure 8. Metal-N Diode Current-Voltage 
Characteristics 
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Figure 7. Schottky Barrier-Diode Energy Diagrams 


time of a p-n junction to be limited when switched from 
forward bias to reverse bias. A p-n junction is inherently 
slower than an SBD even when doped with gold. 

Another major difference between the SBD and p-n 
junction is the forward voltage drop. For diodes of the same 
surface area, the SBD will have a larger forward current at 
the same forward bias regardless of the type of metal used. 
The SBD forward voltage drop is lower at a given current 
than a p-n junction. Figure 9 illustrates the current carriers 
and forward current-voltage characteristics differences 
between the SBD and p-n junction. The SBD meets the 
requirements of a silicon diode which will clamp a silicon 
n-p-n transistor out of saturation. 


CURRENT CARRIERS 





FORWARD I-V CHARACTERISTIC 


Figure 9. Differences Between P-N and 
Schottky Barrier-Diodes 


The Advanced Schottky process differs from the 
Schottky process in that it uses ion implantation of impurities 
instead of diffusion. Ion implantation gives greater control 
on the depth of doping and resolution. Because of a thinner 
epitaxial layer and smaller all around geometries, smaller 
parasitic capacitances are encountered. The performance of 
the SBD is also enhanced by the use of oxide isolation of 
the transistors. This reduces the collector-substrate 
capacitance. Figure 10 illustrates the ’LS/‘S process which 
consists of conventional masks, junction isolation, and a 
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Figure 10. Standard Process (’LS/'S) 
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Figure 11. Advanced Process (‘ALS/’AS) 


standard metal system and Figure 11 illustrates the 'ALS/’AS 
process which consists of composed masks, ion implantation, 
oxide isolation, and a standard metal system. 


Analysis of ‘ALS and ‘AS NAND Gates 

The ‘ALS and ‘AS NAND gates in Figures 12 and 13 
combine the desirable features of improved TTL circuits with 
the technological advantages of full Schottky clamping, ion 
implantation, and oxide isolation to achieve very fast 
switching times at a reduced speed-power product. The 
improvements and advantages are as follows: 

1. Full Schottky clamping of all saturating 
transistors virtually eliminates storing excessive 
base charge and Significantly enhances turn-off 
time of the transistors. 

2. Elimination of transistor storage time provides 
stable switching times across the temperature 
range. 

3. An active turn-off is added to square up the 
transfer characteristic and provide an improved 
high-level noise immunity. 
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Figure 12, ‘ALSOOA NAND Gate Schematic 


4. Input and output clamping is implemented with 
Schottky diodes to reduce negative-going 
excursions on the inputs and outputs. Because 
of its lower forward voltage drop and fast 
recovery time, the Schottky input diode provides 
improved clamping action over a conventional 
p-n junction diode. 

5. The ion implantation process allows small 
geometries giving less parasitic capacitances so 
that switching times are decreased. 

6. The reduction of the epi-substrate capacitance 
using oxide isolation also decreases switching 
times. 

A key feature of the “ALS and ‘AS families is the 
improvement in typical input-threshold voltage. Figure 12 
is a schematic diagram of the ‘ALSOOA NAND gate. 
Figure 13 is a schematic diagram of the ‘ASOO NAND gate. 
The input threshold voltage of the devices is determined by 
the equation: 


VT = Vpe of Q2 + Vpg of Q3 
+ VBE of QS — Vpg of QIA 
(or VpE of Q1B) (1) 


From Eq. (1) it can be determined that the input 
threshold voltage is two times VgE or approximately 1.4 V. 
Low-level input current Ij, is reduced in the 
"ALSOOA/’ASO00 gates because of the improved input 


‘circuits. Buffering by transistors Q1A (or Q1B) and Q2 


causes a significant reduction in low-level input current. Low- 
level input current is determined by the equation: 


Iy_ = Vcc — Vpg of QIA 
—Vy/[R(hfg of QIA + 1) (2) 


By using Eq. (2) low-level input current is reduced by 
at least the factor of hpg of QIA + 1 and is typically 
— 10 »A for the 'ALSOOA and —50 yA for the ‘AS00. High- 
level output voltage Voy is determined primarily by Vcc, 
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D4 


Figure 13. ‘AS00 NAND Gate Schematic 


resistors R4 and R7, and transistors Q6 and Q7. With no 
load, the high-level output voltage is approximately equal 
to Vcc — Vpg of Q6 because the voltage across resistor 
R4 is 0 V. For medium-level currents, the high-level output 
voltage is equal to Vcc — Vpe of Q6 — Vge of Q7 
because of the Darlington gain of transistors Q6 and Q7. The 
current through resistor R3 is typically less than 1 2A and, 
therefore, the voltage drop is negligible. As conduction 
through transistors Q6 and Q7 is increased, the voltage drop 
across limiting resistor R7 will increase until the Schottky 
clamping diode of transistor Q6 starts to become forward 
biased. At this point, the current through resistor R3 (and 
the voltage drop) is no longer negligible and the high-level 
output voltage is determined by: 


Vou = Vcc — IOH through R7 X R7 
— Vcg of Q6 — VgE of Q7 (3) 


Low-level output voltage Voz is determined by the turning 
on of transistor Q5. When the input is high and transistor 


Q2 is turned on, high-current transistor Q5 is turned on by 
a current path through transistor Q3 and resistor R3. 


Sufficient base drive is supplied to keep transistor Q5 fully 


turned on at an apparent output resistance of 14 0 for ‘ALS 
and 60 for ‘AS. 

The fanout is up to 40 for a ‘S4ALS device that is driving 
a ‘S4ALS device and up to 80 for a ‘74ALS device, that is 
driving a “74ALS device and provides a guaranteed low-level 
output current of 4 mA and 8 mA, respectively. 

The increase in speed-power product of ‘S4ALS/’74ALS 
devices, a factor four times better than '54LS/’74LS devices, 
is due to the design consideration of the quiescent and 
switching operations of the circuit. In the quiescent state, 
transistor Q2 allows the use of a reduced low-level input 
current. This reduces the fanout and reduces the overall 
quiescent current requirements. 

The design of diodes D2 and D3 (or transistor Q8) an 
transistor Q4 enhances the speed-power product of the 
device. Transistor Q4 reduces the turn-off time and 
consequently the current transients caused by conduction 
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overlap of transistor Q5. The same principle is used by diodes 
D2 and D3 and transistor Q3 in turning off transistor Q7. 
In addition, the active turn-off design produces a square 
transfer characteristic. 

The ’ASOO gate has additional circuits not on the 
"ALSOOA. gate. The circuits are added to enhance the 
throughput of the ‘AS Family. 

Transistor Q10 has been added as a discharge path for 
the base-collector capacitance of transistor Q5. Without 
transistor Q10, rising voltages at the collector of transistor 
QS would force current, via the base-collector capacitance, 
into the base of transistor Q5 causing it to turn on. However, 
diode D10 causes transistor Q10 to turn on (during rising 
voltage) and keeps transistor Q5 turned off. Diodes D6 and 
D9 serve as a discharge path for capacitor-diode D10. 


CIRCUIT PARAMETERS 

Worst-case testing of ‘ALS/’AS devices provides a 
margin of safety. [All dc limits shown on the data sheet are 
guaranteed over the entire temperature range (—55°C to 
125 °C) for series 54ALS/54AS and 0°C to 70°C for series 
74ALS/74AS)]. In addition, the dc limits are guaranteed over 
the entire supply voltage range (4.5 V to 5.5 V). 


Transfer Characteristics 
Since the most common application for a logic gate is 
to drive a similar logic gate, the input and output logic levels 


must be compatible. The input and output logic levels for 
"ALS/‘AS devices are as follows: 
ViL — The voltage value required for a low-level 
input voltage that guarantees operation 
Vin — The voltage value required for a high-level 
input voltage that guarantees operation 
VoL — The guaranteed maximum low-level output 
voltage of a gate 
Vou — The guaranteed minimum high-level output 
voltage of a gate. 

With the exception of high-level ouput voltage (which 
is a direct function of supply voltage), these values remain 
virtually unchanged over the temperature range and under 
normal operating conditions of the device. 

Analysis of the input and output response characteristics 
of 'ALS/’AS TTL gates is necessary to understand the 
operation of these devices in most system applications. The 
dc response characteristics can best be depicted by an input 
voltage V] versus output voltage Vo transfer plot. 

Figure 14 plots the ‘ALS/‘'AS characteristics as 
compared with members of other TTL logic families. 

As shown in Figure 14, the ‘ALS and ‘AS devices 
exhibit a much better output savings when compared with 
standard TTL devices. The better high-level output voltage 
is primarily because of the active turn off of the low-level 
output transistor. The diode voltage drop in the normal output 
is replaced by a low-current Vp voltage drop. This provides 
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Figure 14. Input Voltage vs Output Voltage of ‘ALS/’AS 


a better high-level noise immunity in ALS and and ’AS over 
standard TTL devices. 


Input Characteristics 

To use "ALS/’AS devices fully, a knowledge of the input 
and output characteristics is required. This is particularly true 
when a device interfaces with a device not in the same TTL 
series. In addition, knowledge of voltage and current 
relationships for all elements is important for proper design. 

Figure 15 illustrates a typical plot for input current I; 
versus input voltage, Vj, characteristics for ‘ALS/’AS gate 
inputs during normal operation. A typical series 54/74 
characteristic plot is also shown for reference. Any device 
used to drive a TTL gate must source and sink current. 
Conventionally, current flowing toward a device input 
terminal is designated as positive and current flowing out 
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of a device input terminal is designated as negative. Low- 
level input current is negative current because it flows out 
of the input terminal. High-level input current is a positive 
current because it flows into the input terminal. 

For transmission line conditions, a more accurate plot 
of the reverse bias section of these curves is required. These 
curves, Figure 16, are characteristic of the input clamping 
diode. 


Low-Level Input Current 

Figure 17 illustrates the de equivalent of a standard 
"ALS/‘AS input circuit and shows the input current paths 
during a low-level input state. The low-level input current 
is primarily determined by resistor R1. However, low-level 
input current is also a function of the supply voltage, the 
ambient temperature, and the low-level input voltage. To 
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Figure 15. Input Current vs Input Voltage 
for TTL Families 
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Figure 16. Low-Level Input Current vs High-Level 
Input Voltage for TTL Families 


assure desired device operation under all possible conditions, 
the worst-case test is performed on all devices. Supply 
voltage is taken to the highest allowable value to cause the 


exception of the input under test, all unused inputs are taken 
to a high level. This enhances any contribution of these inputs 
to the low-level input current of the emitter under test. 
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‘Input Clamping Diode Test 
The quality of the input clamping SBD (D2 in Figure 17) 
is tested by ensuring that the forward voltage drop is not 
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low-level input current to be at a maximum. With the - 


Figure 17. DC Equivalent Input Circuit for 
Series ‘ALS Gate 


greater than —1.2 V for ‘AS and —1.5 V for ‘ALS with 
a forward current of 18 mA. These values are guaranteed 
at minimum supply voltage and are valid across the operating 
temperature range. The characteristic of the input diode is 
illustrated in Figure 16. 


High-Level Input Current 

Another input parameter that must be measured and 
controlled is high-level input current. To ensure desired 
device operation under all possible conditions, the worst-case 
test is performed with all unused inputs grounded and supply 
voltage at its maximum value. This provides the highest value 
of low-level input current. Those devices with a high-level 
input current of sufficient magnitude to cause a degradation 
of high-level output voltage at an output must be screened out. 


Input Breakdown Test 

An additional high-level input current test is performed 
to check for base-emitter breakdown under the application 
of the full range of input voltages. This test is performed 
under the worst-case supply voltage conditions and is 
important because the base-emitter junction is small and can 
easily be overdissipated during the breakdown conditions. 


Output Characteristics 

The most versatile TTL output configuration is the push- 
pull (totem-pole) type. The totem-pole output has a low 
output impedance drive capability at both high and low logic 
levels. Both ‘ALS and ‘AS families use this configuration 
and have fanouts of 40 in both the high- and low-level states. 


High-Level Output Characteristics 

The ability of the totem-pole output to supply high-level 
output current is parametrically tested by applying a high- 
level input current value during measurement of high-level 
output voltage. However, the quality of the output stage is 
best indicated by parametrically measuring its current 
sourcing Igg capability when connected to ground. Figure 18 
shows the equivalent output circuit under high-level output 
conditions. 

Figure 19 illustrates typical high-level characteristics. 
When measuring worst-case high-level output voltage, 
minimum supply voltage is used. A worst-case low-level 
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input voltage is applied to an input and all unused inputs are 
tied to supply voltage. 
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Figure 18. Equivalent Output Circuit for 
“ALS/‘AS Gates 


Vec=5V 
Ta = 25°C 





Low-Level Output Characteristics 

Figure 20 shows that section of the output drive circuit 
which produces a low-level output voltage Voy. This 
characteristic is also tested at minimum supply voltage. 
Figure 21 illustrates the typical curve. 


Switching Speed 
Two switching-speed parameters are guaranteed on 
Series ‘ALS and ‘AS gates: propagation delay time for a 
high-level to a low-level at the output tpyy_, anda low-level 
to high-level transition time tp_y. Both parameters are 
specified with respect to the input pulse using standard test 
conditions as follows: 
Vec= 4.5 V to 5.5 V 
CL = 50 pF 
Ry, = 500 
Ta = MIN to MAX 
Under these conditions, times in the order of 4 ns for 'ALS 
and 1.7 ns for ‘AS are typical. Figures 22 and 23 illustrate 
how the propagation delay time for ’ALS and ‘AS devices 
vary with load capacitance. 


Most current in the output stage is drawn when both 
output transistors are on (i.e., during output transitions, the 
average power dissipation of a gate with a totem-pole output 
increases with operating frequency). This is caused by more 
high-current transitions per second at the output as the 
frequency increases. Figure 24 illustrates the effect for both 
"ALS and ‘AS devices. 
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Figure 19. High-Level Output Voltage vs High-Level Output Current 
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DC Noise Margins maximum) and the guaranteed worst-case output (Voy 


-Noise margin is a voltage specification which guarantees minimum or Voy maximum) specified to drive the inputs. 
the static dc immunity of a circuit to adverse operating Table II lists the worst-case output limits for the ‘AS and 
conditions. Noise margin is defined as the difference between. ALS families. 


the worst-case input logic level (Vy minimum or Vy, 
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Figure 20. Low-Level Output Circuit for ‘ALS/’AS Gates 





3.0 
‘LSO0 
Vee =5V a, 
Tp = 25°C ee 
-aLsooa 
2.5 
‘ALS1000A 
2.0 . 
7 iB ‘AS1000 
‘ASOO 
> 
4s 
re 
> 
1.0 


0.5 


0 20 40 60 80 100 120 140 160 180 
lo_L—mA, 


SNOILVOMIddV Hey 


Figure 21. Low-Level Output Voltage vs Low-Level Output Current 
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Figure 22. High- to Low-Level Propagation Delay vs Load Capacitance 
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Figure 23. Low- to High-Level Propagation Delay vs Load Capacitance 
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Figure 24. Power Dissipation per Gate vs Frequency 


Specified Logic Levels and Thresholds 

The high-level noise margin is obtained by subtracting 
Vi minimum from Voy minimum. The low-level noise 
margin is obtained by subtracting Vj, maximum from Vo. 
maximum. The worst-case high-level noise margin is 
guaranteed to be at least 500 mV for both ‘AS and ‘ALS 
devices and at least 300 mV for low-level noise immunity 
across the operating free-air temperature ranges. 

The usefulness of noise margins at the system design 
level is the ability of a device to be impervious to noise spikes 
at the input. The input voltage falls into one of three 
categories: low-logic state (between ground and 0.8 V), 
threshold region (between 0.8 V and 2 V), or high-logic state 
(between 2 V and Vcc). If an input voltage remains 
exclusively in the low-logic or high-logic state, it can undergo 


any excursions within that state. A level change from 5.5 V 
to 2 V or from ground to 0.8 V should not affect the output 
state of the device. To guarantee an expected output level 
change, the appropriate input has to undergo a change from 
one input state to the other input state (i.e:, a transition 
through the threshold region). If a device will not remain 
in the correct state when voltage excursions on the input are 
occurring, it is violating its truth table. 


Noise Rejection 

The ability of a logic element to operate in a noise 
environment involves more than the dc or ac noise margins 
previously discussed. To present a problem, an externally 
generated noise pulse must be received into the system and 
cause a malfunction. Stable logic systems with no storage 


Table II. Worst Case Output Parameters 








PARAMETER 


Vin (MIN) 

Vit(MAX) 

VoHIMIN) @ cc = 4.5 V* 
VoL(MAXx) 

High Level! Noise 

Margin (VgH—ViH) 

Low Level Noise 

Margin (Vi_—VoL) 







*Actual specification for VQH(min) is Vcc — 2 V. 
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elements are practically impervious to ac noise. However, 
large dc voltages could cause noise problems. Systems with 
triggerable storage elements or those operating fast enough 
for the noise to appear as a signal are much more susceptible 
to noise. 

The noise voltage must be radiated or coupled into the 
circuit. The amount of noise required to develop a given 
voltage is a function of the circuit impedance. Because of 
the low output impedance of TTL circuits, noise immunity 


is improved. Noise is transferred from the source (with some . 


arbitrary impedance) through a coupling impedance to the 
impedance of the circuit under consideration. 

Figure 25 shows a circuit where the coupling impedance 
is stray capacitance and the load impedance is provided by 
the gates. The relatively tight coupling of this circuit and 
the loading effect on the driving source is significant enough 


STRAY COUPLING 
CAPACITANCE 


Figure 25. Stray Coupling Capacitance 


to be considered. However, since the source effect is difficult 
to assess and is in a direction to improve rather than degrade 
the noise rejection, its effects are ignored. This results in 
a worst-case type of response indication. In the case of 
radiated noise, the source resistance is a definite factor in 
noise coupling and essentially replaces the reactive coupling 
impedance. 

By ignoring the driving source impedance to make 
conditions more nearly standard, it is possible to determine 
a set of curves relating the developed noise pulse to the noise 
source amplitude, the noise rise or fall time, the coupling 
impedance, and the load impedance. Curves have been 
developed! for several different input waveforms. Since the 


‘ALS waveform is essentially a ramp with a dv/vt of 1 V/ns- 


(approximately 2.5 V/ns for ‘AS), the most applicable curve 
is that for a ramp input. 

Figure 26(a) shows the equivalent circuit from which 
the ramp response plot in Figure 26(b) was developed. The 
input pulse (shown as a heavy line) is a step signal with a 
liner rise requiring unit time (normalized). The output pulse 
is represented analytically by 


71 —e-t/7) 
RC ‘ 


€0 
7. 


with holding for unit time. This is followed by an 
exponentially decaying voltage with a time constant 7. Values 





Total rise time = ae = 3 ns 


of 7 and i on the figure are normalized by the value of the 


' total rise time of the stimulated noise pulse ej. Using 


Figure 26(b), the pulse width and amplitude of the coupled 
noise pulse can be estimated. 
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Figure 26. Evaluations of Gate Response to 
Fast Input Pulses 


As an example, using the circuit shown in Figure 25, 
apply a noise pulse of 3 V in amplitude and rising at 1 V/ns 
with gate 2 at a high-logic state. Assume a nominal output 
impedance of 58 2 (30 © for ‘AS) and coupling capacitance 
of 10 pF. Use the following formula: 


7 = RC = (10 x 10—12)(58) 
0.58 x 10-9 = 0.58 ns 


t 


**2.5 Vins for ‘AS 
11.2 ns for ‘AS 


To convert the normalized values of 7 and i in 
Figure 26(b) to actual values, multiply by 3 ns. The output 
voltage scale will be multiplied by 3 V. Using the 7 = 0.58 
curve gives a peak eg of 1.5 V (0.5 x 3) and a pulse width 


_ Of 3 ns at the 50% points. To determine whether this pulse 


will cause interference, enter these values (1.5 V and 3 ns) 
on the graph shown in Figure 27. Since the gates have 
approximately 1.8 V of noise immunity at this point, they 
should not be affected. 
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Pulse Width—ns 


Pulse Amplitude—V 
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If an open-collector gate is used with a passive 1 k? pull- 
up resistor, the situation would change. Use the following 
formula: , 


4 
| 


= (10 x 10-12)(1 x 103) 
10 x 10-9 = 10ns 


3 V 


= Vinge = 3 mst 


Total rise time 
" **2.5 Vins for ‘AS 
11.2 ns for ‘AS 


Now the amplitude (from the curves) approaches 3 V 
(0.96 x 3) and the pulse width at the 50% points is 
approximately 10 ns (1 x 10). The next gate will propagate 
this pulse. 

This example is an oversimplification. The coupling 
impedances are complex (but resolvable into RLC series 
coupling elements) and the gate output impedance changes 
with load. Our purpose is to show why and how the low 
impedance of the active TTL output rejects noise and to make 
a comparison with a passive pull-up. 

The ability to operate in a noisy environment is an 
interaction of the built-in operating margins, the time required 
for the device to react, and the ease with which a noise 
voltage is developed. In all cases, except the ability to react 
to short noise pulses, the TTL design has emhasized noise 
rejection. 

Nothing has been discussed concerning noise’ in devices 
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Figure 27. Theoretical Required Pulse other than gate circuits. Many MSI devices are complex gate 
Width vs Pulse Amplitude for “AS and ‘ALS Inputs networks and, because of their small size, are more superior 


Table III. Guidelines for Systems Design for Advanced Schottky TTL 


Single wire connections 


Coaxial and twisted-pair cables 


Transmission-line-ground 


Cross talk 


Reflections 


Resistive pull-up 





Wire lengths up to approximately 12 inches may be used. A form of ground plane is desirable. 
Use point-to-point routing rather than parailfel. If the wire is longer than 12 inches, use either a 
dense ground plane with the wire routed as close to it as possible, or use a twisted-pair cable. 


Design around approximately 80 2 to 100 © of characteristic impedance. Cross talk increases at 
higher impedances. Use a coaxial cable of 93 1 impedance (e.g., Microdot 293—3913). For twisted- 
pair cable, use number 26 or number 28 wire with the insulation twisted at the rate of 30 turns 
per foot. 


Ensure that transmission-line ground returns are carried through at both transmitting and receiving 
ends. Vcc decoupling ground, device ground, and transmission-line ground should have a common 
tie point. 


Use point-to-point back-pane! wiring to minimize noise pickup between lines. Avoid long unshielded 
parallel runs, However, if they must be used, they should carry signals that propagate in the same 
direction. . 


Refiections occur when data interconnects become long enough that 2-line propagation delays 
are pulse transition times. For series TTL, reflections are normally of no importance for lines shorter 
than 12 inches. 


If fanout of driving output permits, use approximately 300 0 of resistive pull-up at the receiving 
end of long cables. This provides added noise margin and more rapid rise times. 


in a noisy environment operation than their discrete gate be treated in a similar manner. If a latching device does 


equivalents. Noise tolerance of latching devices is implied become noise triggered, the effective error is stored and does 
in the setup times, hold times, clock pulse width, data pulse not disappear with the noise. 

widths, and similar parameters. Output impedances and input Parameter measurement information is shown in 
noise margins are quite similar to those of the gates and may Figure 28. 
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NOTES:1. Cy includes probe and jig capacitance. 

. All input pulses have the following characteristics PRR < 1 MHz, ty = tf = 2 ns, duty cycle = 50%. 

. When measuring propagation delay times of 3-state outputs, switch $1 is open. 

. Waveform 17 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
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Figure 28. Parameter Measurement Information 
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GUIDELINES FOR SERIES ‘ALS/’AS TTL 
SYSTEM DESIGN 


System layout and design requirements for Advanced 
Schottky TTL circuits are essentially the same as those 
guideiines which have previousiy been estabiished and are 
applicable for all high-performance digital systems. 
Tables HI through VI provide a brief summary of the 
solutions to most design decisions needed to implement 
systems using Advanced Schottky TTL. Supplementary data 
which may be useful for developing specific answers to 
unique problems is provided later. 


POWER SUPPLY REGULATION 


Power supply regulation cannot be treated as if it is an 
independent characteristic of the device involved. Power 
supply regulation, along with temperature range, affects noise 
margins, fanout, switching-speed, and several other 
parameters. The characteristics most affected are noise 
margin and fanout. When these two parameters are within 
the specified limits, the power-supply regulation will 
normally be within specified limits. However, on a device 
where auxiliary parameters are more critically specified, a 
more restrictive power-supply regulation is normally 
required. When power-supply regulation is slightly outside 
the specified limits for TTL devices, the device may still 
operate satisfactorily. However, if high ambient-noise levels 
and extreme temperatures are encountered, failures may 
occur. 

Application of a supply voltage above 7 V (absolute 
maximum rating) will result in damage to the circuit. 

Since power dissipation in the package is directly related 
to supply voltage, the maximum recommended supply 


voltage for TTL devices is specified at 5.5 V. This provides 
an adequate margin to ensure that functional capability and 
long-term reliability are not jeopardized. 

High-level output voltage is almost directly proportional 
to supply voltage (i.e., a drop in supply voltage causes a drop 
in high-level output voltage and an incrcasc in supply voltagc 
results in an increase in high-level output voltage). Because 
of this relationship, high-level output voltage for ‘ALS/’AS 
devices is specified as supply voltage —2 V (Vcc —2 V). 

Since high-level output voltage is directly related to 
supply voltage, the output current of the device is also directly 
related. The output current value is established by choosing 
output conditions to produce a current that is approximately 
one-half of the true short-circuit current. 

It is advantageous to regulate or clamp the maximum 
supply voltage at 5.5 V including noise ripple and spikes. 
When this conditions exists, unused AND and NAND gates 
can be connected directly to the supply voltage. 


SUPPLY VOLTAGE RIPPLE 


Ripple in the supply voltage is generally considered a 
part of the supply voltage regulation. However, when 
combined with other effects (e.g., slow rise times), ripple 
voltage is more significant. 

The effect of ripple voltage Vp can appear on either the 
supply voltage Vcc or the ground supply GND. When ripple 
appears on the supply voltage, it causes modulation of the 
input signal. The extent of the effect depends upon circuit 
parameters and source impedance. 

The turning on of transistor Q5, shown in Figures 12 
and 13, is controlled by the voltage at the base of transistor 
Q2 with respect to ground in accordance with the formula: 


Vp= VBE of Q2 + VpeE of Q3 + VpeE of Q5 


Table IV. Guidelines for Printed Circuit Board Layout for Advanced Schottky TTL 


ITEM : GUIDELINE 


Signal connections Whenever possible, distribute loads along direct connections. Signal leads should be kept as short as possible. 
However, lead lengths of up to 15 inches will perform satisfactorily. This is especially for large boards that 
use a ground plane, ground, and/or Vcc plane. In addition, it will perform satisfactorily for small boards using 
ground mesh or grid. In high-frequency applications, avoid radia! fanouts and stubs. If they must be used to 
drive some loads, reduce lead length proportionally and avoid sharp bends. Normal on-board fanouts and 
interconnections do not require terminations. Response of lines driving large numbers or highly capacitive loads 
can be improved with terminations of 300 Q to Vcc and 600 0 to ground in parallel with the last load if fanout 
of the driving output permits. 



























Conductor widths Signal-line widths down to 0.015 inch are adequate for most signal leads. 





Signal-line spacing Signal-lead spacing on any layer down to 0.015 inch can be used especially if care is taken to avoid adjacent 
use of maximum length and minimum spacing. Increase spacing wherever layout permits. Pay particular attention 


to clock and/or other sensitive signals. 








Insulator material Thickness of insulation material used for a multilayer board is not critical. If ground and Vcc planes or meshes 
are used, their capacitive proximity can be used to reduce the number of decoupling capacitors needed and | 


this also supplements the supply bypass capacitor. 
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Table V. Guidelines for General Usage of Advanced Schottky TTL 


ITEM GUIDELINE 


Power supply For RF bypass supply primary, maintain ripple and regulation at less than or equal to 10%. 


Vcc decoupling Decouple every 2 to 5 packages with RF capacitors of 0.01 to 0.1 pF. Capacitors should be located as near 
as possible to the decoupled devices. Decouple line driving or receiving devices separately with 0.1 pF capacitors 
between Vcc and the ground pins. 


On-board grounding A ground plane is essential when the PCB is relatively large (over 12 inches). Smaller boards will work with 
ground and/or Vcc mesh or grid. 


System grounding Try to simulate bus bars with a width to thickness ratio greater than or equal to 4. This can be accomplished 
by multiple parallel wires or by using flat braid. Performance will be enhanced when a copper or silver-copper 
bus is used. The width to thickness ratio required will vary between systems, but greater than or equal to 4" 
will satisfy most systems. 





Table VI. Guidelines for Gates and Flip-Flops Using Advanced Schottky TTL 


ITEM GUIDELINE 


Data input rise and fall times Reduce input rise and fall times as driver output impedance increases. Rise and fall times should 
be equal to or less than 50 ns/V and essentially free of noise ripple. 


Unused input of AND and NAND Tie the unused input of AND and NAND gates and the unused preset and/or clear inputs of 
gates and unused preset and flip-flops as follows: 
clear inputs of flip-flops . Directly to Vcc, if the input voltage rating of 5.5 V maximum is not exceeded. 
. Through a resistor equal to or greater than 1 kQ to Vcc. Several inputs can be tied to one 
resistor. 
. Directly to a used input of the same gate, if maximum fanout of driving device will not be 
exceeded. Only the high-level loading of the driver is increased. 
. Directly to an unused gate output, if the gate is wired to provide a constant high-level output. 
input voltage should not exceed 5.5 V. 


Unused input of NOR gates Tie unused input to used input of same gate, if maximum fanout of driving device will not be 
exceeded or tie unused input to ground. 


Unused gates Tie input of unused NAND and NOR gates to ground for lowest power drain. Tie inputs of unused 
AND gates high and use output for driving unused AND or NAND gate inputs. 


Increasing gate/buffer fanout Connect gates of same package in parallel. 


Clock pulse of flip-flops Drive clock inputs with a TTL output. If not available, rise and fall times should be less than 50 ns/V 
and free of ripple noise spikes. 








When ripple voltage is modulated onto the input voltage, because the emitter-base junction has an apparent resistance 
the amplitude depends on the source impedance (Figure 29). of approximately 30 Q. Because of cancellation between the 
The amplitude can be determined by the following equation: 

- R1/B +5 V 
aR VR (Rie z a ; 
R1 GATED 
=VRr eae) CONSTANT 
Ri + BR2 CURRENT 
SOURCE 


where R1= source impedance 
B= gain of transistor Q1. 


Ripple voltage has the effect of adding extra pulses to R1 
the input signal (Figure 30). When ripple voltage appears 
in the ground supply, the threshold voltage is modulated and 
extra pulses occur (Figure 31). 

Although decreasing the source impedance will reduce 


the effects of ripple voltage, it cannot be eliminated entirely Figure 29. Effect of Source Impedance on Input Noise 


APPLICATIONS [ep 





-5V = = 


3-2 


Nn 





ee OW 


3-26 


driving gate and the driven gate, low-frequency ripple is not 
a problem. 







Vv 


INPUT SIGNAL 
MODULATED 
BY RIPPLE 
Ve 


VOH 


VoL 


Figure 30. Spurious Output Produced by Supply 
Voltage Ripple 


Vcc 


Vo 

=Vi-VrR 

‘ when Vj is constant, an 
increase in VR will result 
in a decrease in V. 


Figure 31. Effect of Ground Noise on Noise Margin 
NOISE CONSIDERATIONS 


Extraneous voltages and currents (called noise) 
introduced into a digital logic circuit are discussed in the 
following paragraphs. Figure 32(a) is a typical digital logic 
circuit consisting of a NAND gate and a J-K flip-flop. When 
a small noise pulse is coupled onto the clock input 
[(Figure 32(b)], the flip-flop does not respond and the Q 
output is correct. However, when a.large noise pulse is 
coupled onto the clock input [(Figure 32(c)], the flip-flop 
sees the pulse as a clock transition and an erroneous Q output 
occurs. Therefore, it is essential to protect digital logic 
circuits from noise. 


Noise Types and Control Methods 

The noise types encountered in digital logic systems, 
their source, and the method of controlling them arc as 
follows: 

1. External noise — External noises radiated into 
the system. The sources include circuit breakers, 
motor brushes, arcing relay contacts, and 
magnetic-field-generating. The methods of 
controlled to be considered are shielding, 
grounding, or decoupling. 


2. Power-line noise — Noise coupled through the 
ac or dc power distribution system. The initial 
sources and controlling methods are the same as 
for external noise. 

3. Cross talk — Noise induced into signal lines from 
adjacent signal lines. Controlling methods to 
consider are shielding, grounding, decoupling, 
and, where possible, increasing the distance 
between the signal lines. 

4, Signal-current noise — Noise generated in stray 
impedances throughout the circuit. The 
controlling methods to consider are shielding, 
grounding, decoupling, and, where possible, 
reduction of stray capacitance in the circuit. 

5. Transmission-line reflections — Noise from 
unterminated transmission lines that cause 
ringing and overshoot. The method of control 
is to use, where possible, terminated 
transmission lines. 

6. Supply-current spikes — Noise caused by 
switching several digital loads simultaneously. 
The controlling method is to design, where 
possible, the system so that digital loads are not 
switched simultaneously. 





PRESET 


Qa 
(b) (c) 


Figure 32. Typical Logic Circuit with Noisy Input 


Shielding 

In addition to its own internally generated noise, 
electrical equipment must operate in an extremely noisy 
environment. Noise pulses, which may come from a number 
of sources, consist of an electrostatic field, and 
electromagnetic field, or both. The noise waveform must be 
prevented from entering the equipment. This is accomplished 


Hive oh + 
by shielding. Since the noise fields are usually changing at 


a rapid rate, the shield required to exclude them may be very 
small. For effective exclusion, the sensitive circuits must be 
completely shielded. 

Aluminum or similar materials are effective in stopping 
electrostatic noise. However, only a ferrous metal can 
successfully protect equipment against magnetic fields. While 
it is helpful to connect the system to earth ground, the shield 


system must be complete and must be grounded to the system 
ground to prevent the shield from coupling noise into the 
system. 

External noise may be conducted into the system by the 
power lines. Decoupling and filtering of these lines should 
be standard design procedure. 


Grounding and Decoupling 

The total propagation delay is of secondary importance 
in generation of internal noise. The actual transition time 
determines the amplitude and frequency spectrum of the 
generated signal at the higher harmonics. Application of the 
Fourier integral to series 'ALS/’AS waveforms shows 
frequency components of significant amplitude that exceed 
100 MHz. Because of the frequency spectrum generated 
when an ‘ALS/’AS device switches, a system using these 
devices must consider problems caused by radio frequency 
(RF) even though the repetition rates may be only a few 
megahertz. The transient currents generated by charging 
capacitors, changes in the levels of dc, line driving, etc., 
must be considered. In Figure 33 for example, a gate driving 
a transmission line is represented by a voltage source E, 
having an output impedance Zs connected to an impedance 
Zo, and loaded with a resistance Ry. 


LINE INPUT Zo 





GROUND RETURN 


Figure 33. Diagram Representing a Gate Driving a 
Transmission Line 


Until after a reflected pulse returns from the termination 
of the transmitting device, line termination is not a factor 
in drive current. In a practical TTL circuit, the line 
termination must be high relative to the line impedance. For 
explanation purposes, assume that the source voltage is 5 V 
in amplitude, the output impedance of the source is 50 2 and 
the line impedance is 50 0. When the source voltage makes 
the transition from 0 V to 5 V, the voltage across the input 
of the line Vy is determined by the following equation: 


ZO 


—— =2.5V 
Zs + Zo 


VI=E 


where E= source voltage 
Zo= line impedance 


Zs = source impedance 


For the 50 Q line to become charged, the current that 
must flow onto the line is determined by the following 
equation: 


Vin 2.5 
line —- = — 


Zo 50 


= 50 mA 


In addition, this current flows in the ground return, 
which, in this case, is the transmission-line ground. If the 
line and return are originated and terminated close to the 
driving and receiving devices, there is no discontinuity in 
the line. Where the ground is poorly returned, the current 
flow sees the discontinuity in the cable as a high impedance 
and a noise spike is generated (i.e., the ground current sees 
a low impedance and a current cancellation if the ground is 
properly carried through and, if not, it sees a high 
impedance). Figure 34 presents a specific example. Assume 
that the gate driving the line is switched from the high to 
low state. Current flow is indicated by the arrow marked 
with an I. Since the line is improperly returned to the driver, 
a pulse is developed across the impedance. A possible 
consequence is the false output of gate 3 (G3). 





“impedance of poor ground return 


Figure 34. Noise Generation Caused by Poor 
Transmission-Line Return 


If the ground return is properly connected, the proper 
results: are obtained. The impedance discontinuity is 


eliminated and current cancellation occurs at the ground §& 


point. Undesirable voltage spikes are then eliminated. Two 
empirical rules to reduce transmission-line currents have been 
established and have been found to be effective (Figure 35). 

1. Carry all returns, including twisted pair and 
coaxial cables, to a good ground termination. 
Ground line returns close to the driving and 
receiving devices. 

2. Decouple the supply voltage of line-driving and 
line-receiving gates with a 0.1-yF disk ceramic 
capacitor. 

As the devices change state, current levels change 
because of the different device currents required in each state, 
the external loading, the transients caused by charging and 
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discharging capacitive loads, and the conduction overlap in 
the totem-pole output stage. When a gate changes states, its 
internal supply current changes from high to low (these values 
are stated on the data sheet for each device). In addition, 
any capacitance, stray or otherwise, must be charged or 
discharged for a logic state change. ‘he capacitance must 
be charged by a current determined by 


l=C aq (4). 


If the total stray capacitance on a gate output, the logic-level 
voltage excursion, and the associated rise or fall times are 
known, then the ideal-case instantaneous current during the 
transition can be calculated. 


Vec 


OUTPUT: 





Broken arrow shows path of fine-charging current 


Figure 35. Ideal Transmission-Line 
Current Handling 


From Eg. (4) it can be determined that the current 
transient for charging load capacitance will increase with 
higher speed TTL circuits. Therefore, the Series 
54ALS/74ALS devices will have lower transient current than 
the Series 54AS/74AS devices. Another parameter that 
should be considered is the value of R7 (shown in Figures 12 
and 13). Resistor R7 acts as a limit on the charging current. 

The current required for charging load capacitance Cy, 
(Figure 36) is supplied by the supply voltage when the 
transition is.from logic low to logic high at the output of 
gate 1 (G1). When the output of G1 goes from high to low, 
the load capacitance is shorted to ground by transistor Q5 
(shown in Figures 12 and 13) and has no effect on supply 
current. 


Vcc 





C,_ includes all capacitance: stray, device, etc. 


Figure 36. Circuit with Effective Capacitive Loading 
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A characteristic common to all TTL totem-pole output 
stages contributes an additional current transient when the 
output changes from a logic low to a logic high. This 
transient, or spike, is caused by the overlap in conduction 
of the output transistors Q7 and Q5 (shown in Figures 12 
and 13). The situation arises because transistor Q7 can turn 
on faster than transistor Q5 can turn off. This places a direct 
circuit consisting of transistors Q7 and QS and resistor R4 
between supply voltage and ground. For all series ‘ALS TTL 
circuits, the maximum possible peak current can be 
determined by 


ee Vcc — VcEQ6 — VBEQ7 ~ VCEQS 

R7 
However, due to the active turnoff circuit (consisting of RS, 
R6, and Q4), Q5 will be only slightly in the linear region 
and the current spike will be less. 

The total supply-current switching transient is then a 
combination of three major effects: the difference in high- 
level and low-level supply current, the charging of load 
capacitance, and the conduction overlap. Tests were 
performed to demonstrate these effects. The results are shown 
in Figure 37. Six types of series TTL devices were tested 
with no load (i.e., the oscilloscope was connected to the 
output only when measuring Vo and the photographs were 
double exposed). This was to approximate the effects of 
conduction overlap isolated from the transient caused by 
charging load capacitance. Different vertical scales were used 
on some of the photographs. 

The results are almost as predicted. The low-power 
devices have the lower transients. Since it is the fastest 
circuit, the SN74AS00 device should be highest. However, 
a decrease is shown, and the reason for the decrease is 
explained (Figure 39). The additional circuits to reduce 
conduction overlap of the output transistors result in a smaller - 
transient even though the typical switching time is 1.7 ns 
compared to 9 ns for the Series 54/74LS. 

The second series of tests shown in Figure 37 cover a 
capacitive load of 50 pF. For this test, all of the supply 
current transient peaks increase in amplitude and width. © 

Because of the larger transient currents, voltage spikes 
on the supply voltage measured at the IC package are also 


increased. 


From these tests, it can be concluded that the condition 
to be avoided (the only one that can be avoided) is 
unnecessary stray capacitance in circuit wiring. The charging 
of load capacitance, in most cases, overshadows the other 
two effects with respect to noise produced on the supply 
voltage line by switching current transients. 

The flow paths of these currents have been investigated 
to determine the grounding and decoupling necessary to 
counteract their effects. Supply voltage decoupling may be 
accomplished by one of two methods. Maintaining low 
impedance from the individual circuit supply voltage to 


SV , : : . : (~ ——— Ba 












lec 10 mA 20 mA 
Vcc 0.2V 0.2V 
a) SN74S00 no load b) SN74S00 load: Cy = 50 pF 
VouT 5V 5mA 
icc 0.2V 20 mA 
c) SN74LS00 no load 
Vout 5V 5V 
Icc 10 mA 20 mA 


Vcc. 0.2V 0.2V 





3 





e) SN74AS00 no Joad f) SN74AS00 load: C, = 50 pF 


NOTES: 1. Vcc = 5 V 3. Rise and fall times of input pulse are 1 ns 
2. Sweep is 50 ns/division 4. Vertical scales are in units shown per division 


Figure 37(a). Supply-Current Transient Comparisons 
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5V 














VouT 5V 
loc 20 mA 50 mA 
Vec 0.2V 0.2Vv 
h) SN74AS1000 Joad: C, = 50 pF 
5V 5V 
5 mA 20 mA 
02V 0.2V 
VouT 5V 5V 
Icc 20 mA 20 mA 
Vec 02V 0.2V 
k) SN74ALS1000A no load 1) SN74ALS1000A load: Cy = 50 pF 
NOTES: 1. Vcc = 5V 3. Rise and fall times of input pulse are 1 ns 
2. Sweep is 50 ns/division 4. Vertical scales are in units shown per division 


Figure 37(b). Supply-Current Transient Comparisons 


ground is common to both methods. In the first method, the 
supply voltage line’ may be considered as a transmission line 
back to a low impedance supply. The positive bus can be 
laminated with a ground bus to form a strip transmission line 
of extremely low impedance. This line can be electrically 
approximated with lumped capacitances as shown in 
Figure 38. The inductances are usually a distributed 
component which must be minimized to lower the line 


impedance. 
Zo = VJL/C 


a ag ae 
, baa ea 


COPPER 


DIELECTRIC 


Figure 38. Transmission-Line Power Buses 


The second method is to consider the supply voltage bus 
as a de connecting element only and to provide a low- 
impedance path near the devices for the transient currents 
to be grounded (Figure 39). 


Vcc BUS _— 


Figure 39. Capacitive Storage Supply 
Voltage System 


For effective filtering and decoupling, the capacitors 
must be able to supply the change in current for a period 
of time greater than the pulse width of this current. Since 
the problem is essentially one of dc changes due to logic state 
coupled with high-frequency transients associated with the 
changes, two different values of time constant must be 


considered. Capacitors combining the high capacitance — 


required for long periods with the low series reactance 
required for fast transients are prohibitive in cost and size. 
A good compromise is the arrangement shown in Figure 40. 

The typical component values may be found for the RF 
_ capacitor C2 by assuming that the parameters have common 
values as follows: 


Alcc= 50 mA_ 
AV= 0.1 V 
AT= 20 ns 


Then the equation is as follows: 


c= Alcc _ (0)(20) x 10-2 
AV/AT 0.120 x 10-9) 
-3 
_ Ox "= = 10,000 x 10-12 
0.1 
= 0.01 pF 


The same method may be used for the low-frequency 
capacitor Cl. However, the factor AT, which was a worst- 
case transient time for calculating C1, now becomes a bit 
ambiguous. An analysis of the current cycling on a statistical 
basis is the best method in all but the simplest systems. The 
recommended procedure is to decouple using 10 nF to 50 pF 


capacitors. 
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Figure 40. Commonly Used Power Distribution and 
Decoupling System 


A discrete inductance of 2 »H to 10 pH is sometimes 
used for additional decoupling. However, its benefits are 
questionable and its usefulness should be evaluated for the 
individual system. The low-pass filter formed must be 
capable of keeping the transients confined and off the 
distribution bus. The possibility of resonance in the inductor 
or LC combination must be considered. 

Noise spikes on the supply voltage line that do not force 
the gate output below the threshold level do not present a 
serious problem. Downward spikes as large as 3 V can be 
tolerated on the supply voltage line without propagating 


through the logic system. The system designer can be’ 


confident that supply voltage noise can be handled even with 
minimal consideration. 

Ground noise, however, cannot be treated lightly. Pulses 
on a high-impedance ground line can easily exceed the noise 
threshold. Only if a good ground system is maintained can 
this problem be overcome. If proper attention is paid to the 
ground system, noise problems can be minimized. 


The concept of a common-ground-plane structure as used ' 


in RF and high-speed digital systems is quite different from 
the concept of the common-ground point as used in low- 
frequency circuits. The more closely the chassis and ground 
can approach to being an integral unit, the better the noise 
suppression characteristics of the system. Consequently, all 
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parts of the chassis and ground bus system must be bound 
tightly together both electrically and mechanically. Floating 
or poorly grounded sections not only break the integrity of 
the ground system, but may actually act as a noise distribution 
system. 

For grounds and decoupling on printed circuit boards, 
the most desirable arrangement is a double-clad or multilayer 
board with a solid ground plane or a mesh. Where component 
density prohibits this, the ideal should be relaxed only as far 
as necessary. Cross talk and ground noise can be reduced 
on large boards with a ground plane. Some suggestions for 
board grounds where a plane is not practical are as follows: 

1. Use as wide a ground strap as possible. 

2. Form a complete loop around the board by 
bringing both sides of the board through separate 
pins to the system ground. 

The supply voltage line can provide part of the ground 
mesh on the board, provided it is properly decoupled. For 
a TTL system, a good guideline is 0.01 uF per synchronously 
driven gate and at least 0.1 uF for each 20 gates, regardless 
of synchronization. This capacitance may be lumped, but is 
more effective if distributed over the board. A good rule is 
to permit no more than 5 inches of wire between any two 
package supply-voltage points. Radio-frequency-type 
capacitors must be used for decoupling. Disk ceramics are 
best. It is sometimes a good practice to decouple the board 
from the external supply-voltage line with a 2.2 »F capacitor. 
However, this is optional and the RF capacitors are still 
required. In addition, it is recommended that gates driving 
long lines have the supply voltage decoupled at the gate 
supply voltage terminal and that the capacitor ground, device 
ground, and transmission-line ground be connected to a 
common point. 


Cross Talk 

When currents and voltages are impressed on a 
connecting line in a system, it is impossible for adjacent lines 
to remain unaffected. Static and magnetic fields interact and 
opposing ground currents flow, creating linking magnetic 
fields. These cross-coupling effects are lumped together and 
called cross talk. 


Back-Panel Interconnections 

Interconnecting signal lines can be grouped into three 
broad categories: coaxial lines, twisted-pair lines, and straight 
wire lines. Because of the low impedance and shielding 
characteristics of coaxial cable, its cross talk is minimal and 
is not a problem with TTL. 

Figure 41 illustrates a practical type of signal 
transmission line. The mutual reactances Ly, and Cy, which 
form the noise coupling paths and the line parameters L, and 
Cy which govern the line impedance, will vary with the type 
of line used. Since cross talk is a function of the ratio of the 
mutual impedances to the line characteristic impedances, the 
selection of transmission-line type must be at least partially 
a factor in cross-talk considerations. 
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Figure 41. Equivalent Circuit for Sending Line 


The use of direct-wired connections is the simplest and 
lowest cost method, but they are also the poorest for noise 
rejection. If the lead is not cabled tightly together with similar ¢ 
leads, direct leads up to 12 inches in length can be used. 

When the length of the signal line is increased, the line 
impedance is seen by the driving and receiving gates. As 
shown in Figure 42, a pulse sent along the sending line G3 
and G4 will be coupled via the coupling impedance Z, onto 
the receiving line G1 and G2, which can be in either of the 
two logic states. The extent to which cross talk will occur 
depends on the type of lines used and their relationship to 
each other. 





(Zc) — COUPLING IMPEDANCE 


Figure 42. Equivalent Circuit for Cross Talk 


The voltage impressed on the sending line by gate G3 
is determined by the equation: 


VsL= 16320 (5) 
Rs3 + Zo 
where 
VG3 = open-circuit logic voltage swing generated 
by gate G3 


Rs3 = output impedance of gate G3 
Zo = line impedance 
VsL = voltage impressed on the sending line. 


The relationship for the equation is illustrated in 
Figures 43 and 44. 

The coupling from the sending line to the receiving line 
can be represented by taking coupling impedance Z, into 


Figure 43. Capacitive Cross Talk Between 
Two Signal Lines 


account. An equivalent circuit to represent the coupling from 
the sending line to the receiving line is shown in Figure 44. 

As the voltage impressed on the sending line propagates 
farther along the line, it can be represented as voltage source 
Vs_L with a source impedance of Zo, (Figure 45). Vsz is 
then coupled to the receiving line via the coupling 
capacitance, where the impedance looking into the line is 
line impedance in both directions. Therefore the equation 
becomes , 

Zo 


VrL= Vsi 


(1.5 Zo + Ze) 


The voltage impressed on the receiving line (Vp) then 
propagates along the receiving line to gate G2 which can be 
considered as an open circuit and voltage doubling occurs. 
Therefore: 


1 
Vin2)= 2 VRL = Vo3{ ————— mse 
fae Zc J\RS3 + Zo 
, Zo 


In the switching period, the transistor has a very low output 
impedance. Then Rg3<<Zo and Vin(2) can be simplified to 
the following: 


Vin(2) = VG3 = 
15+ — 


RECEIVING LINE 





The term Vin(2)/Vg3 can be defined as the cross-talk 
coupling constant. 

The worst-case for signal line cross talk occurs when 
sending and receiving lines are close together but widely 
separated from a ground return path. The lines then have 
a high characteristic impedance and a low coupling 
impedance. 

For example, if we assume a coupling impedance of 
50 pF at 150 MHz with a line impedance of approximately 
200 © then: 


Vin(2) 
———= 0.62 
VG3 
This level is unsatisfactory because none of the very high- 
speed logic circuits has a guaranteed noise margin greater 


than one-third of the logic swing. Such potential cross talk 
can be avoided by not using the close spacing of conductors. 


‘ | 


Figure 45. Equivalent Cross-Talk Network 


Mutual coupling can be reduced by using coaxial cable 
or shielded twisted pairs. When mutual inductance and 
capacitance are decreased, line capacitance is increased and 
imposes restrictions on the driver. Coaxial cable combines 
very high mutual impedance with low characteristic 
impedance and shielding. It effectively eliminates cross talk, 
but is necessary in only the noisiest environments. Twisted 
pairs are adequate for most applications and are typically less 
expensive and easier to use. 


Vac (Z9)—> 


Figure 44. Coupling Impedances Involved in Cross Talk 
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Printed Circuit Card Conductors Table VIH. Typical Impedance of Strip Lines 


Signal interconnections on a two-sided or multilayer : - 
Dimensions 7 
Weahbc Line Impedance | Capacitance 
7 : a Zo (0) per Foot (pF) 
(mils) 


printed circuit card can be grouped into two general 
27 















categories: microstrip lines and strip lines. The microstrip 
line (Figure 46) consists of a signal conductor separated from 
a ground plane by a dielectric insulating material. A strip 
line (Figure 47) consists of a signal conductor within a 
dielectric insulating material and the conductor being centered 
between two parallel conductor planes. The important 
features of these type of printed circuit conductors are that 
the impedances are highly predictable, can be closely 
controlled, and the process is relatively inexpensive because 
standard printed circuit board manufacturing techniques are 
used. Typical impedances of these types of conductors with 
respect to their physical size and relative spacings are shown 
in Tables VII and VIII. Relative dielectric constant =5, and H’a = H’b 


Table VII. Typical Impedance of Microstrip Lines Cross talk on a printed circuit board is also a function 
: - = of the mutual reactances and the line parameters which 
Line Impedance Capacitance ores : ees nae 
Te | aa | ates | govern the line impedance. A microstrip line and a strip line 
are, by definition, conductors placed relatively close to a 
ground plane. Therefore, they have at least one inherent 
property which tends to reduce cross talk. In addition, the 
thickness (H) of the dielectric and the spacing (S) of the 
conductors can be implemented selectively to reduce the 
amount of possible cross talk. The effects of these two 
dimensions on cross talk have been evaluated and are shown 
graphically in Figure 48. The data shown can be used to 
estimate the maximum crosstalk which will be encountered 
under the most unfavorable conditions. 







Relative dielectric constant =5 
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Figure 47. Strip Line 
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0.58 
0.56 
0.52 
0.48 
0.44 
0.40 
0.36 
0.32 
0.28 H=8.4 mils 

0.24 H = 26 mils 

0.20 H = 31 mils 
0.16 H = 44 mils 
0.12 H = 60 mils 
0.08 
0.04 


Cross-Talk Constant — K 





0 20 40 60 80 100 120 140 
Spacing, S (mits) 


Figure 48. Line Spacing Versus 
Cross-Talk Constant 


Transmission-Line Driving Reflections 

When the interconnections used to transfer digital 
information become long enough so that line propagation 
delay is equal to or greater than the pulse transition times, 
the effects of reflections must be considered. These 
reflections are created because most TTL interconnections 
are not terminated in their characteristic impedance. 
Reflections lead to reduced noise margins, excessive delays, 
ringing, and overshoot. Some method must be used to 
analyze these reflections. Because neither the gate input nor 
output impedance is linear, basic transmission-line equations 
are applicable but unwieldy. Transmission-line characteristics 
of TTL interconnections can be analyzed by using a simple 
graphic technique. 

Figure 49 shows piecewise linear plots of a gate input 
and both (logic-high and logic-low) states of the output for 
a typical TTL device. The output curves are plotted with 
positive slopes. The input is inverted because it is at the 
receiving end of a transmission line. The logic-high and logic- 
low intersections are indicated on the plot. These points are 
the steady-state values which will be observed on a lossless 
transmission line (Figure 50). 

Figure 50 shows a typical TTL interconnection using 
a twisted-pair cable which, in this example, has a 
characteristic impedance of approximately 30 Q. To evaluate 
a logic-high to logic-low ‘AS transition see Figures 51 and 
52. The equation — 1/Zo (Zg = 30 Q), which represents the 
transmission line, is superimposed on the output characteristic 
curves in the Bergeron plot. Since evaluation of a logic-high 
to logic-low transition is desired, the —1/Zo line starts at 
the point of intersection of the impedance curves of the input 
and output for a logic-high state. The slope —1/Zo then 
proceeds toward the logic-low output curve. At time to, the 
driver output voltage is determined by the intersection of 


OUTPUT 
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<—~cuRVE 


LOGICALO 
INTERSECTION 
INPUT 
CURVE 


‘ Current-mA 


LOGICAL 1 
INTERSECTION 


OUTPUT 
LOGICAL 1 
CURVE 





Voltage—V 
Figure 49. TTL Bergeron Diagram 
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Figure 50. ’ALS/’AS Driving Twisted Pair 


—1/Zo and the logic-low output curve (1.2 V). The 
transmission-line slope now becomes 1/Zo and 
is drawn toward the input curve. At time 


ty [(n+1)—tn = time delay of line}, the receiving gate sees _ 


- 1.7 V. Now the line slope changes back to —1/Zo and 
the output curve for a logic low is approached. This action 
continues until the logic-low intersection is reached. 
Figure 52 plots driver and receiver voltages versus time for 
this example. 

A logic-low to logic-high transition is treated in 
approximately the same manner (Figure 53). The Bergeron 
line — 1/Zg starts at the intersection for a logic low. At time 
to, the driver output rises to 2.2 V and, at time t, the 
receiving gate input goes to approximately 4.35 V. Both 
output and input voltages are plotted in Figure 54. 

Figures 55 through 58 illustrate ‘ALS transitions and 
are treated in the same manner as the ‘AS. 

The scope photographs in Figures 59 through 66 show 
the effectiveness of the graphic techniques. In most cases, 
the calculated and experimental values of voltage steps agree 
within reason. The ringing that appears for the open wire 
is not immediately obvious. This is because the input and 
output curves in this region lie practically along the positive 
horizontal axis. At the scale used for graphic analysis, it is 
difficult to go much beyond the first few reflections. The 
graphic analysis is idealized and stray capacitance and 
inductance are not considered. 
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Figure 51. ‘AS —ve Transition Bergeron Diagram 
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Figure 52. ‘AS —ve Voltage/Time Plot 
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Figure 53. ‘AS +ve Transition Bergeron Diagram 
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Figure 54. ‘AS +ve Voltage/Time Plot 
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Figure 55. ‘ALS —ve Transition Bergeron Diagram 
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Figure 56. ‘ALS —ve Voltage/Time Plot 
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Figure 57. ‘ALS +ve Transition Bergeron Diagram 
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Figure 58. ‘ALS +ve Voltage/Time Plot 
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Figure 59. Oscilloscope Photograph of 
Transit 
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Figure 63. Oscilloscope Photograph of ‘ALSOOA —ve 
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Figure 60. Oscilloscope Photograph of 
Transition Using 











dette 


HI +44 + 


1 


+ 
rt 


50-Ohm Line 


ing 


TRANSITION (0 —> 1) 
illoscope Photograph of ‘ALSOOA + ve 


Transition Us: 


. Osc 


64 


Figure 


‘AS00 —ve 


ine 


Using 25-Ohm Li 


ion 


TRANSITION (1 => 0) 


Figure 61. Oscilloscope Photograph of 
Transit 
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Figure 65. Oscilloscope Photograph of ‘ALSOOA —ve 
Transition Using 25-Ohm Line 
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Figure 66. Oscilloscope Photograph of ’ALSOOA +ve 
Transition Using 25-Ohm Line 
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Appendix A 
Normalized Load Factors 


Normalizing output drive capability and input current 
requirements can be very useful to designers of systems using 
two or more of the TI TTL series of devices. It provides 
a set of load factors (input cuurent requirements in 
Table A-I), which can be summed and compared directly to 
the fanout capability (see Table A-II) of the output being 
considered. The load factor values shown are valid for any 
input rated at one unit load. 

The loading of these type of outputs can be checked from 
any column. However, most designs use one of the series 
as the basic building block and, since the tables cover each 
series individually, the designer has the choice of working 
from the column containing the normalized fanout. As an 
example, the designers of a system using series ‘AS as the 
basic circuit will probably find that the use of the ’ASOO and 
*AS1000 columns will suit best because both fanout and load 
factors are expressed for these series of devices. 

The use of these simple and easy-to-remember numbers 
was developed within each series to make the verification 
of output loading a matter of counting the number of inputs 
connected to a particular output. When mixtures of series 
are used, a common denominator (normalized factor) 
becomes useful. 


USE OF TABLES A-I AND A-II 


Every possible combination of the seven 54/74 TTL 
families is included in these tables. If, for example, the 
existing system used 74S series logic and it is desired that 
some of it be replaced by series 74ALS logic, a quick check 
should be made on whether the ‘ALS can be supplied with 
sufficient input current. By taking the 74S row and ‘ALS, 
column figures of 2.5 and 20 are obtained for high- and low- 
level loads, respectively (see Table A-I). This indicates that, 
for high logic levels, two and one-half ALS gates can be 
driven for each ‘S series gate removed. However, if more 
74S series gates are being driven by this ’ALS device, the _ 
fanout between ‘ALS and 'S series gate is required, you can 
now use Table A-II. 

The ’ALS row and the ’S column are chosen. The figures 
are 8 for the high-logic level and 4 for the low-logic level. 
In this case the lowest figure is taken so that the 
interconnection is reliable for both logic states. So each ‘ALS 
gate inserted will drive 4 'S series gates. 

Table A-I is normally used (in combination with 
Table A-II) when replacing one logic family with another 
in an existing system. 

Table A-II is normally used when originally designing 
a system which employs several TTL families to optimize 
performance. 


Table A-I. Normalized Input Currents 


INPUT CURRENT NORMALIZED 
| ‘H00 | ‘LOO “LSOO ‘soo | asoo | ‘ALSOOA| ‘AS1000 | ‘ALS1000A 
2 


0.8 4 0.8 2 
0.8 8.89 0.8 3.2 
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Table A-II. Fanout Capability (Output Currents Normalized to Input Currents) 


OUTPUT DRIVE NORMALIZED 
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Appendix B 


Letter Symbols, Terms, and Definitions 


These symbols, terms, and definitions are in accordance with those currently agreed upon by the JEDEC Council of 
the Electronics Industries Association (EIA) for use in the USA and by the International Electrotechnical Commission (IEC) 
for international use. The definitions are grouped into sections applying to voltages, currents, switching characteristics, and 
classification of circuit complexity. 


VOLTAGES 


VIH High-level input voltage 
An input voltage level within the more positive (less negative) of the two ranges of values used to represent the 
binary variables. A minimum value is specified which is the least-positive (most-negative) value of high-level input 
voltage for which operation of the logic element within specification limits is guaranteed. 


VIL Low-level input voltage 
An input voltage level within the less positive (more negative) of the two ranges of values used to represent the 
binary variables. A maximum value is specified which is the most-positive (least-negative) value of low-level a 
voltage for which operation of the logic element within specification limits is guaranteed. 


VT + Positive-going threshold voltage 
The voltage level at a transition-operated input that causes operation of the logic element according to specification 
as the input voltage rises from a level below the negative-going threshold voltage, VT —. 


VT- Negative-going threshold voltage 
The voltage level at a transition-operated input that causes operation of the logic element according to specification 
as the input voltage falls from a level above the positive-going threshold voltage, VT +. 


VoH High-level output voltage 
The voltage at an output terminal for a specified output current IQy with input conditions applied that according 
to the product specification will establish a high level at the output. 


VOL Low-level output voltage 
The voltage at an output terminal for a specified output current Io, with input conditions applied that according 
to the product specification will establish a low level at the output. 


VO(on) On-state output voltage 
The voltage at an output terminal for a specified output current with input conditions applied that according to 
the product specification will cause the output switching element to be in the on state. 





Note: This characteristic is usually specified only for outputs not having internal pull-up elements. 





VO(off) Off-state output voltage 
The voltage at an output terminal for a specified output current with input conditions applied that according to 
the specification will cause the output switching element to be in the off state. 


Note: This characteristic is usually specified only for outputs not having internal pull-up elements. 


CURRENT 


Ip High-level input current 
The current flowing into* an input when a specified high-level voltage is applied to that input. 


IIb Low-level input current 
The current flowing into* an input when a specified low-level voltage is applied to that input. 
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*Current flowing out of a terminal is a negative value. 
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IOH 


IO(off) 


Ios 


ICCH 


ICCL 


High-level output current 
The current flowing into* the output with a specified high-level output voltage Vou applied. 


Note: This parameter is usually specified for open-collector outputs intended to drive other logic circuits. 


Off-state output current 
The current flowing into* an output with a specified output voltage applied and input conditions applied that according 
to the product specification will cause the output switching element to be in the off state. 


Note: This parameter is usually specified for open-collector outputs intended to drive devices other than logic circuits 
or for three-state outputs. 


Short-circuit output current 

The current flowing into* an output when that output is short-circuited to ground (or other specified potential) 
with input conditions applied to establish the output logic level farthest from ground potential (or other specified 
potential). 


Supply current, output(s) high 
The current flowing into* the Vcc supply terminal of a circuit when the reference output(s) is (are) at a high-level 
voltage. 


Supply current, output(s) low 
The current flowing into* the Vcc supply terminal of a circuit when the reference output(s) is (are) at a low-level 
voltage. 


DYNAMIC CHARACTERISTICS 


fmax 


tHZ 


{LZ 


tPLH 


tPHL 
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Maximum clock frequency 

The highest rate at which the clock input of a bistable circuit can be driven through its required sequence while 
maintaining stable transitions of logic level at the output with input conditions established that should cause a change 
of. output state with each clock pulse. 


Output disable time (of a three-state output) from high level 
The time between the specified reference points on the input and output voltage waveforms with the three-state 
output changing from the defined high level to a high-impedance (off) state. 


Output disable time (of a three-state output) from low level 
The time between the specified reference points on the input and output voltage waveforms with the three-state 
output changing from the defined low level to a high-impedance (off) state. 


Propagation delay time, low-to-high-level output 
The time between the specified reference points on the input and output voltage waveforms with the output changing 
from the ‘defined low level to the defined high level. 


Propagation delay time, high-to-low-level output 
The time between the specified reference points on the input and output voltage waveforms with the output changing 


. from the defined high level to the defined low level. 


Transition time, low-to-high-level output 
The time between a specified low-level voltage and a specified high-level voltage on a waveform that is changing 
from the defined low level to the defined high level. 


Transition time, high-to-low-level output 
The time between a specified high-level voltage and a specified low-level voltage on a waveform that is changing 
from the defined high level to the defined low level. 


Average pulse width 
The time between 50% amplitude points (or other specified reference points) on the leading and trailing edges 
of a pulse. 


*Current flowing out of a terminal is a negative value. 


th 


trelease 


tsu 


tZH 


(ZL 


Hold time 
The time interval for which a signal or pulse is retained at a specified input terminal after an active transition occurs 
at another specified input terminal. 


Release time 
The time interval between the release from a specified input terminal of data intended to be recognized and the 
occurrence of an active transition at another specified input terminal. 


Note: When specified, the interval designated ‘‘release time’’ falls within the setup interval and constitutes, in 
effect, a negative hold time. 


Setup time 
The time interval for which a signal is applied and maintained at a specified input terminal before an active transition 
occurs at another specified input terminal. 


Output enable time (of a three-state output) to high level 
The time between the specified reference points on the input and output voltage waveforms with the three-state 
output changing from a high-impedance (off) state to the defined high level. 


Output enable time (of a three-state output) to low level 
The time between the specified reference points on the input and output voltage waveforms with the three-state 
output changing from a high-impedance (off) state to the defined low level. 


CLASSIFICATION OF CIRCUIT COMPLEXITY 


Gate equivalent circuit 


LSI 


MSI 


SSI 


A basic unit-of-measure of relative digital-circuit complexity. The number of gate equivalent circuits is that number 
of individual logic gates that would have to be interconnected to perform the same function. 


Large-scale integration 

A concept whereby a complete major subsystem or system function is fabricated as a single microcircuit. In this 
context a major subsystem or system, whether logical or linear, is considered to be one that contains 100 or more 
equivalent gates or circuitry of similar complexity. 


Medium-scale integration 
A concept whereby a complete subsystem or system function is fabricated as a single microcircuit. The subsystem 


or system is smaller than for LSI, but whether digital or linear, is considered to be one that contains 12 or more 


equivalent gates or circuitry of similar complexity. 


Small-scale integration 
Integrated circuits of less complexity than medium-scale integration (MSI). 


*Current flowing out of a terminal is a negative value. 
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Texas Instruments 


Semiconductor Technical Literature 


TTL Data Book, Vol. 1, 1984, 
336 pages. 

Product guide for all Tl TTL 
devices, functional indexes, 
alphanumeric index, and general 
information. 


TTL Data Book, Vol. 2, 1984, 
1,000 pages. 

Detailed specifications and appli- 
cation information on the TI 
family of Low-power Schottky 
(LS), Schottky (S), and standard 
TTL logic devices. 


TTL Data Book, Vol. 3, 1984, 
792 pages. 

Detailed specifications and appli- 
cation information on the TI 
family of Advanced Low-power 
Schottky (ALS) and Advanced 
Schottky (AS) logic devices. 


TTL Data Book, Vol. 4, 1984, 
416 pages. 

Detailed specifications and appli- 
cation information on the TI fam- 
ily of bipolar field-programmable 
logic (FPL), programmable read- 
only memories (PROM), random- 
access memories (RAM), micro- 
processors, and support circuits. 


High-speed CMOS Logic Data 
Book, 1984, 580 pages. 

Detailed specifications and appli- 
cation information on the TI 
family of High-speed CMOS logic 
devices. Includes product selec- 
tion guide, glossary, and alpha- 
numeric index. 


Linear Circuits Data Book, 
1984, 820 pages. 

Detailed specifications on opera- 
tional amplifiers, voltage compar- 
ators, voltage regulators, data- 
acquisition devices, a/d convert- 
ers, timers, switches, amplifiers, 
and special functions. Includes 
LinCMOS™ functions. Contains 
product guide, interchangeability 
guide, glossary, and alphanumeric 
index. 


Interface Circuits Data Book, 
1981, 700 pages. 

Includes specifications and 
applications information on TTL 
logic interface circuits, as well as 
product profiles on the line 
drivers/receivers and peripheral 
drivers. 


Optoelectronics Data Book, 
1983, 480 pages. 

Contains more than 300 device 
types representing traditional 
optoelectronics (IREDs, LEDs, 
détectors, couplers, and displays), 
special components (avalanche, 
photodiodes, and transimpedance 
amplifiers), fiber optic compo- 
nents (sources, detectors, and in- 
terconnecting cables), and new 
image sensors (linear and arrays). 


MOS Memory Data Book, 1984, 


-456 pages. 


Detailed specifications on 
dynamic RAMs, static RAMs, 
EPROMs, ROMs, cache address 
comparators, and memory con- 
trollers. Contains product guide, 
interchangeability guide, glossary, 
and alphanumeric index. Also, 


chapters on testing. and reliability. 
\ TMS7000 Family Data Manual, 


1983, 350 pages. 

Detailed specifications and appli- 
cation information on TI’s family 
of microprogrammable 8-bit 
microcomputers. Includes archi- 
tecture description, device opera- 
tion, instruction set, electrical. 
characteristics, and mechanical 
data. TMS7000 microcomputers 
include versions in CMOS and 


SMOS and with on-board UART. 


TMSxxxxx Microcomputer Data 
Manuals 

These manuals contain detailed 
specifications and application in- 
formation on specific TMSxxxxx 
microcomputers and peripherals. 
Include architecture description, 
device operation, instruction set, 
electrical characteristics, and 
mechanical data. 


Assembly Language 
Programmer’s Guides. 
TMS32010, 1983, 160 pages. 
TMS99000, 1983, 322 pages. 
T™4S7000, 1983, 160 pages. 
Include general programming in- 
formation, assembly instructions, 
assembler directives, assembler 
output, and application notes. 


TMS32010 User’s Guide, 1984, 
400 pages. 

Detailed application information 
on the TMS32010 Digital Signal 
Processor. Detailed reference 
manual on use of the TMS320 
instruction set. Data sheets 
included. 


Fundamentals of Microcomputer 
Design, 1982, 584 pages. 
University textbook. Subjects 
include microprocessors, software, 
instruction sets, microcomputer 
programming, high-level lan-' 
guages, hardware features, micro- 
computer memory, and I/O 
design. A design example is 
included. — 


Understanding Series™ Books 
The Understanding Series books 
form a library written for anyone 
who wants to learn quickly and 
easily about today’s technology, 
its impact on our world, and its 
application in our lives. Each 
book is written in bright, clear, 
down-to-earth language and - 
focuses on one aspect of what’s 
new in today’s electronics. 
Engineering concepts and theory 
are explained using simple 
arithmetic. Technical terms are 
explained in layman’s language. 
Ideal for self-paced, individualized 
instruction. Currently 13 different 
titles in the series. 


Write for current availability and 
prices to: 

Texas Instruments 

Information Publishing Center 
P.O. Box 225012 MS-54 

Dallas, TX 75265 


April 1984 





TI Worldwide 
Sales Offices 


ALABAMA: Huntsville, 500 Wynn Drive, Suite 514, 
Huntsville, AL 35805, (205) 837-7530. 


ARIZONA: Phoenix, 8102 N. 23rd Ave., Suite 1B, Phoenix, 
AZ 85021, (602) 995-1007. 


CALIFORNIA: Irvine, 17891 Cartwright Rd., Irvine, CA 
92724, (714) 660-1200; Sacramento, 1900 Point Wese Way, 
Suite 171, Sacramento, CA 95815, (916) 929-1521; San 
Diego, 4333 View Ridge Ave., Suite B., San Diego, CA 
92123, (74) 278-9600; Santa Clara, 5353 Betsy Ross Dr., 
Santa Clara, CA 95054, (408) 980-9000; Torrance, 19505 
Hamilton St., Bldg. A, Suite 1, Torrance, CA 90502, (213) 
973-2571; Woodland Hills, 21220 Erwin St., Woodland Hills, 
CA 91367, (213) 704-7759. 


COLORADO: Aurora, 1400 S. Potomac Ave., Suite 101, 
Aurora, CO 80012, (303) 695-2800. 


CONNECTICUT: Wallingford, 9 Barnes Industrial Park 
Rd., Bames Industrial Park, Wallingford, CT 06492, (203) 
269-0074. 


FLORIDA: Ft. Lauderdale, 2765 N.W. 62nd St., Fr. 
Lauderdale, FL 33309, (305) 973-8502; Maitland, 2601 
Maitland Center Parkway, Maitland, FL 32751, (305) 
660-4600; Tampa, 5010 W. Kennedy Blvd., Suite 101, Tampa, 
FL 33609, (813) 870-6420. 


GEORGIA: Atlanta, 3300 Northeast Expy., Building 9, 
Atlanta, GA 30341, (404) 452-4600. 


ILLINOIS: Artington Heights, 515 W. Algonquin, 
Arlington Heights, IL 60005, (312) 640-3000. 


INDIANA: Ft. Wayne, 2020 Inwood Dr., Fr. Wayne, IN 
46815, (219) 424-5174; Indianapolis, 2346 S. Lynhurst, Suite 
}-400, Indianapolis, IN 46241, (317) 248-8555. 


IOWA: Cedar Rapids, 373 Collins Rd. NE, Suite 200, Cedar 
Rapids, [A 52402, (319) 395-9550. 


MARYLAND: Baltimore, | Rutherford Pl., 7133 Rutherford 
Rd., Baltimore, MD 21207, (301) 944-8600. 


MASSACHUSETTS: Wakham, 504 Totten Pond Rd., 
Waltham, MA 02154, (617) 895-9100. 


MICHIGAN: Farmington Hills, 33737 W. 12 Mile Rd., 
Farmington Hills, MI 48018, (313) 553-1500. 


‘ MINNESOTA: Edina, 7625 Parklawn, Edina, MN 55435, 
(612) 830-1600. 


MISSOURI: Kansas City, 8080 Ward Pkwy., Kansas City, 
MO 64114, (816) 523-2500; St. Louis, 11861 Westline 
Industrial Drive, Se. Louis, MO 63141, (314) 569-7600. 


NEW JERSEY: Clark, 292 Terminal Ave. West, Clark, N) 
07066, (201) 574-9800. 


NEW MEXICO: Albuquerque, 5907 Alice NSE, Suite E., 
Albuquerque, NM 87110, (505) 395-2555. 


NEW YORK: East Syracuse, 6700 Old Collamer Rd., Ease 
Syracuse, NY 13057, (315) 463-9291; Endicort, 112 
Nanticoke Ave., P.O. Box 618, Endicott, NY 13760, (607) 
754-3900; Melville, 1 Huntington Quadrangle, Suite 3C10, 
P.O. Box 2936, Melville, NY 11747, (516) 454-6600; 
Poughkeepsie, 385 South Rd., Poughkeepsie, NY 12601, (914) 
473-2900; Rochester, 1210 Jefferson Rd., Rochester, NY 
14623, (716) 424-5400. 


NORTH CAROLINA: Charlotte, 8 Woodlawn Green, 
Woodlawn Rd., Charlotte, NC 28210, (704) 527-0930; 
Raleigh, 2809 Highwoods Bivd., Suite 100, Raleigh, NC 
27625, (919) 876-2725. 


OHIO: Beachwood, 23408 Commerce Park Rd., Beachwood, 
OH 44122, (216) 464-6100; Dayton, Kingsley Bldg., 4124 
Linden Ave., Dayton, OH 45432, (513) 258-3877. 


OKLAHOMA: Tulsa, 7615 East 63rd Place, 3 Memorial 
Place, Tulsa, OK 74133, (918) 250-0633. 


OREGON: Beaverton, 6700 SW 105th St., Suite 110, 
Beaverton, OR 97005, (503) 643-6758. 


PENNSYLVANIA: Ft. Washington, 260 New York Dr., Fe. 
Washington, PA 19034, (215) 643-6450; Coraopolis, 420 
Rouser Rd., 3 Airport Office Park, Coraopolis, PA 15108, 
(412) 771-8550. 


TEXAS: Austin, 12501 Research Bivd., P.O. Box 2909, 
Austin, TX 78723, (512) 250-7655; Richardsor® 1001 E. 
Campbell Rd., Richardson, TX 75080, (214) 680-5082; 
Houston, 9100 Southwest Frwy., Suite 237, Houston, TX 
77036, (713) 778-6592; San Antonio, 1000 Central Parkway 
South, San Antonio, TX 78232, (512) 496-1779. 


UTAH: Murray, 5201 South Green SE, Suite 200, Murray, 
UT 84107, (801) 266-8972. 


VIRGINIA: Fairfax, 3001 Prosperity, Fairfax, VA 22031, 
(703) 849-1400. 


WISCONSIN: Brookfield, 450 N. Sunny Slope, Suize 150, 
Brookfield, WI 53005, (414) 785-7140. 


WASHINGTON: Redmond, 2723 152nd Ave., N.E. Bldg. 6, 
Redmond, WA 98052, (206) 881-3080. 


CANADA: Nepean, 301 Moodie Drive, Mallorn Center, 
Nepean, Ontario, Canada, K2H9C4, (613) 726-1970; 
Richmond Hill, 280 Centre St. E., Richmond Hill L4¢C1B1, 
Onrario, Canada, (416) 884-9181; Se. Laurent, Ville St. 
Laurent Quebec, 9460 Trans Canada Hwy., St. Laurence, 
Quebec, Canada H4SIR7, (514) 334-3635. 


ARGENTINA, Texas Instruments Argentina S.A.IL.C.F: 
Esmeralda 130, 15th Floor, 1035 Buenos Aires, Argentina, 
394-2963. 


AUSTRALIA (& NEW ZEALAND), Texas Instruments 
Australia Led.: 6-10 Talavera Rd., North Ryde (Sydney), New 
South Wales, Austratia 2113, 02 + 887-1122; 5th Floor, 418 
St. Kilda Road, Melbourne, Victoria, Australia 3004, 

03 + 267-4677; 171 Philip Highway, Elizabeth, South Australia 
5112, 08 + 255-2066. 


AUSTRIA, Texas Instruments Ges.m.b.H.: Industriestrabe 
B16, A-2345 Brunn/Gebirge, 2236-84620. 


BELGIUM, Texas Instruments N.V. Belgium S.A.: Mercure 
Centre, Raketstraat 100, Rue de la Fusee, 1130 Brussels, 
Belgium, 02/720.80.00. 


BRAZIL, Texas Instruments Electronicos do Brasil Leda.: Av. 
Faria Lima, 2003, 20 0 Andar—Pinheiros, Cep-01451 Sao 
Paulo, Brazil, 815-6166. 


DENMARK, Texas Instruments A/S, Marielundvej 46E, 
DK-2730 Herlev, Denmark, 2 - 91 74 00. 


FINLAND, Texas Instruments Finland OY: PL 56, 00510 
Helsinki 51, Finland, (90) 7013133. 


FRANCE, Texas Instruments France: Headquarters and Prod. 
Plant, BP 05, 06270 Villeneuve-Loubet, (93) 20-01-01; Paris 
Office, BP 67 8-10 Avenue Morane-Saulnier, 78141 Velizy- 
Villacoublay, (3) 946-97-12; Lyon Sales Office, LOree 
D'Ecully, Batiment B, Chemin de la Foresriere, 69130 Ecully, 
(7) 833-04-40; Serasbourg Sales Office, Le Sebastopol 3, Quai 
Kleber, 67055 Strasbourg Cedex, (88) 22-12-66; Rennes, 23-25 
Rue du Puits Mauger, 35100 Rennes, (99) 79-54-81; Toulouse 
Sales Office, Le Peripole—2, Chemin du Pigeonnier de la 
Cepiere, 31100 Toulouse, (61) 44-18-19; Marseille Sales 
Office, Noilly Paradis—146 Rue Paradis, 13006 Marseille, (9t) 
37-25-30. 
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GERMANY, Texas Instruments Deutschland GmbH: Hag- 
gerty-strasse 1, D-8050 Freising, 08161-801; Kurfuerstendamm 
195/196, D-1000 Berlin 15, 030-8827365; II, Hagen 43/Kib- 
belscrasse, D-4300 Essen, 0201-24250; Frankfurter Allee 6-8, 
D-6236 Eschborn 1, 06196-43074; Hamburger Strasse 11, 
D-2000 Hamburg 76, 040-2201154, Kirchhorsterstrasse 2, 
D-3000 Hannover 51, 0511-648021; 

Arabellastrasse 15, D-8000 Muenchen 81, 089-92341; May- 
bachstrasse 11, D-7302 Ostfildern 2/Nellingen, 0711-34030. 


HONG KONG ( + PEOPLES REPUBLIC OF CHINA), Texas 
Instruments Asia Ltd.; 8th Floor, World Shipping Ctr., Harbour 
City, 7 Canton Rd., Kowloon, Hong Kong, 3 + 722-1223. 


IRELAND, Texas shale pot ead Limited: 25 Se. Stephens 
Green, Dublin 2, Eire, 01 60922 


ITALY, Texas Instruments Semiconduttori Italia Spa: Viale Delle 
Scienze, 1, 02015 Cittaducale (Rieti), Italy, 0746 694.1; Via 
Salaria KM 24 (Palazzo Cosma), Monterotondo Scalo (Rome), 
Italy, 06 9004395; Viale Europa, 38-44, 20093 Cologno Monzese 
(Milano), 02 2532541; Corso Svizzera, 185, 10100 Torino, Italy, 
Ol 774545; Via J. Barozzi, 6, 45100 Bologna, Italy, O51 355851. 


JAPAN, Texas Instruments Asia Ltd. : 4F AoyamaFuji Bldg. , 6-12, 
Kita Aoyama 3-Chome, Minato-ku, Tokyo, Japan 107, 
03-498-2111; Osaka Branch, 5F, Nisshol wai Bldg. 30 [mabashi 3- 
Chome, Higashi-ku, Osaka, Japan 541, 06-204-1881; Nagoya 
Branch, 7F Daini Toyota West Bldg., 10-27, Meieki 4-Chome, 
Nakamura-ku, Nagoya, Japan 450, 052-583-8691. 


KOREA, Texas Instruments Supply Co.: Room 201, Kwangpoong 
Bidg., 24-1, Hwayand-Dong, Sung dong-ku, 133 Seoul, Korea, 
02 + 464-6274/5. 


MEXICO, Texas Instruments de Mexico S. A.: Poniente 116, No. 
489, Colonia Vallejo, Mexico, D.F. 02300, 567-9200. 


MIDDLE EAST, Texas {nstruments: No. 13, Ist Floor Mannai 
Bldg., Diplomatic Area, Manama, P.O. Box 26335, Bahrain, 
Arabian Gulf, 973 - 72 46 81. 


NETHERLANDS, Texas Instruments Holland B.V., P.O. Box 
12995, (Bullewijk) 1100 AZ Amsterdam, Zuid- Oost, Holland 
(020) 5602911. 


NORWAY, Texas Instruments Norway A/S: Kr. Augustsgt. 13, 
Oslo 1, Norway, (2) 20 60 40. 


PHILIPPINES, Texas Inscruments Asia Ltd.: 14th Floor, Ba- 
Lepanto Bldg., 8747 Paseo de Roxas, Makati, Metro Manila, 
Philippines, 882465. 


PORTUGAL, Texas Instruments Equipamento Electronico 
(Portugal), Lda.: Rua Eng. Frederico Ulrich, 2650 Moreira Da 
Maia, 4470 Maia, Portugal, 2-9481003. 


SINGAPORE (+ INDIA, INDONESIA, MALAYSIA, 
THAILAND), Texas Instruments Asia Ltd.: P.O. Box 138, Unit 
#02-08, Block 6, Kolam Ayer Industrial Est., Kallang Sector, 
Singapore 1334, Republic of Singapore, 747-2255. 


SPAIN, Texas Instruments Espana, S. A.: C/Jose Lazaro Galdiano 
No. 6, Madrid 16, 1/458. 14.58. C/Balmes, 89 Barcelona-8, 25360 
00/253 29 02. 


SWEDEN, Texas Instruments Intemational Trade Corporation 
(Sverigefilialen); Box 39103, 10054 Stockholm, Sweden, 08 - 
235480. 


SWITZERLAND, Texas Instruments, Inc. Riedstrasse 6, 
CH-8953 Dietikon (Zuerich) Switzerland, 1-740 2220. 


TAIWAN, Texas Instruments Supply Co.: Oth Floor, Fu- 
Shing Bldg., 7! Sung-Kiang Road, Taipei, Taiwan, Republic of 
China, 02 + 521-9321. 


UNITED KINGDOM, Texas Instruments Limited: Manton 
Lane, Bedford, MK41 7PA, England, 0234 67466; St. James 
House, Wellington Road North, Stockport, SK4 2RT, England, 
061 442-8448. BE 





TI Sales Offices 


ALABAMA: Huntsville, (205) 837-7530. 
ARIZONA: Phoenix, (602) 995-1007. 


CALIFORNIA: Irvine, (714) 660-1200; Sacramento, 
(916) 929-1521; San Diego, (714) 278-9600; Santa Clara, 
(408) 980-9000; Torrance, (213) 973-2571; Woodland Hills, 
(213) 704-7759. 


COLORADO: Aurora, (303) 695-2800. 
CONNECTICUT: Wallingford, (203) 269-0074. 


FLORIDA: Ft. Lauderdale, (305) 973-8502; Maitland, 
(305) 660-4600; Tampa, (813) 870-6420. 


GEORGIA: Atlanta, (404) 452-4600. 
ILLINOIS: Arlington Heights, (312) 640-3000. 


INDIANA: Fe. Wayne, (219) 424-5174; Indianapolis, 
(317) 248-8555. 


IOWA: Cedar Rapids, (319) 395-9550. 
MARYLAND: Baltimore, (301) 944-8600. 
MASSACHUSETTS: Waltham, (617) 895-9100. 
MICHIGAN: Farmington Hills, (313) 553-1500. 
MINNESOTA: Edina, (612) 830-1600. 


MISSOURI: Kansas City, (816) 523-2500; St. Louis, 
(314) 569-7600. 


NEW JERSEY: Clark, (201) 574-9800. 

NEW MEXICO: Albuquerque, (505) 345-2555. 

NEW YORK: East Syracuse, (315) 463-9291; Endicott, 
(607) 754-3900; Melville, (516) 454-6600; Poughkeepsie, 
(914) 473-2900; Rochester, (716) 424-5400. 


NORTH CAROLINA: Charlotte, (704) 527-0930; 
Raleigh, (919) 876-2725. 


OHIO: Beachwood, (216) 464-6100; Dayton, 
(513) 258-3877. 


OKLAHOMA: Tulsa, (918) 250-0633. 
OREGON: Beaverton, (503) 643-6758. 


PENNSYLVANIA: Ft. Washington, (215) 643-6450; 
Coraopolis, (412) 771-8550. 


TEXAS: Austin, (512) 250-7655; Houston, (713) 778-6592; 
Richardson, (214) 680-5082; San Antonio, (512) 496-1779. 


UTAH: Murray, (801) 266-8972. 
VIRGINIA: Fairfax, (703) 849-1400. 
WISCONSIN: Brookfield, (414) 785-7140. 
WASHINGTON: Redmond, (206) 881-3080. 


CANADA: Nepean, Ontario (613) 726-1970; Richmond 
Hill, Ontario (416) 884-9181; St. Laurent, Quebec 
(514) 334-3635. 


TI Regional 


Technology Centers 


CALIFORNIA: Irvine, (714) 660-8140, Hotline: 
(714) 660-8164. Santa Clara (408) 748-2220, Hotline: 
(408) 980-0305. 


GEORGIA: Atlanta, (404) 452-4682, Hotline: (404) 452-4686. 
ILLINOIS: Chicago, (312) 640-2909, Hotline: (312) 228-6008. 


MASSACHUSETTS: Boston, (617) 890-6671, Hotline: 
(617) 890-4271. 


TEXAS: Dallas, (214) 680-5066, Hotline: (214) 680-5096. 


TI Distributors 


Tt AUTHORIZED DISTRIBUTORS IN U.S.: 
Arrow Electronics 


Diplomat, Inc. 

ESCO Electronics 

General Radio Supply Company 
Graham Electronics 


lewark 
Rochester Radio Supply 
Time Electronics 
R. V. Weatherford Co. 
Wyle Laboratories 


TI AUTHORIZED DISTRIBUTORS IN 
CANADA: 

CESCO Electronics, Inc. 

Future Electronics 

ITT 


Components 
L. A. Varah, Led. 


ALABAMA: Arrow (205) 882-2730; Marshall (205) 
881-9235. 


ARIZONA: Phoenix, Arrow (602) 968-4800; Kierulff (602) 
243-4101; Marshall (602) 968-6181; Wyle (602) 249-2232; 
Tucson, Kierulff (602) 624-9986. 


CALIFORNIA: Los Angeles/Orange County, Arrow (213) 
701-7500, (714) 838-5422; Kierulff (213) 725-0325, (714) 
731-5711; Marshall (213) 999-5008, (213) 442-7204, (714) 
556-6400; R.V. Weatherford (714) 634-9600, (213) 849-3451, 
(714) 623-1261; Wyle (213) 322-8100, (714) 863-9953, : 
Sacramento, Arrow (916) 925-7456, Wyle (916) 638-5282; 
San Diego, Arrow (619) 565-4800; Kierulff (619) 278-2112; 
Marshall (619) 578-9600; Wyle (619) 565-9171; San 
Francisco Bay Area, Arrow (408) 745-6600; Kierulff (415) 
968-6292; Marshall (408) 732-1100, Wyle (408) 727-2500; 
Santa Barbara, R. V. Weatherford (805) 965-8551. 


COLORADO: Arrow (303) 696-1111; Kierulff (303) 
7190-4444; Wyle (303) 457-9953. 


CONNECTICUT: Arrow (203) 265-7741; Diplomat (203) 
797-9674; Kierulff (203) 265-1115; Marshall (203) 265-3822; 
Milgray (203) 795-0714. 


FLORIDA: Ft. Lauderdale, Arrow (305) 776-7790; Diplomat 
(305) 974-8700; Kierulff (305) 486-4004; Orlando, Arrow 
(305) 725-1480; Milgray (305) 647-5747; Tampa, Diplomat 
(813) 443-4514; Kierulff (813) 576-1966. ; 
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GEORGIA: Arrow (404) 449-8252; Kierulff (404) 447-5252; 
Marshall (404) 923-5750. 


ILLINOIS: Arrow (312) 397-3440; Diplomat (312) 595-1000; 
Hall-Mark (312) 860-3800; Kierulff (312) 640-0200; Newark 
(312) 638-4411. 


INDIANA: Indianapolis, Arrow (317) 243-9353; Graham 
(317) 634-8202; Ft. Wayne, Graham (219) 423-3422. 


TOWA: Arrow (319) 395-7230. 


KANSAS: Kansas City, Hall-Mark (913) 888-4747; Wichita, 
LCOMP (316) 265-9507. 


MARYLAND: Arrow (301) 247-5200; Diplomat (301) 
995-1226; Kierulff (301) 636-5800; Milgray (301) 468-6400. 


MASSACHUSETTS: Arrow (617) 933-8130; Diplomat (617) 
935-6611; Kierulff (617) 667-8331; Marshall (617) 272-8200; 
Time (617) 935-8080. 


MICHIGAN: Detroit, Arrow (313) 971-8220; Marshall (313) 
§25-5850; Newark (313) 967-0600; Grand Rapids, Arrow 
(616) 243-0912. 


MINNESOTA: Arrow (612) 830-1800; Hall-Mark (612) 
854-3223; Kierulff (612) 941-7500. 


MISSOURI: Kansas City, LCOMP (816) 221-2400; St. 
Louis, Arrow (314) 567-6888; Hall-Mark (314) 291-5350; 
Kierulff (314) 739-0855. 


NEW HAMPSHIRE: Arrow (603) 668-6968. 


NEW JERSEY: Arrow (201) 575-5300, (609) 596-8000; 
Diplomat (201) 785-1830; General Radio (609) 964-8560; 
Kierulff (201) 575-6750; Marshall (201) 882-0320, (609) 
234-9100; Milgray (609) 983-5010. 


NEW MEXICO: Arrow (505) 243-4566; Intemational 
Electronics (505) 345-8127. 


NEW YORK: Long Island, Arrow (516) 231-1000; Diplomat 
(516) 454-6334; JACO (516) 273-5500; Marshall (516) 
273-2424; Milgray (516) 420-9800; Rochester, Arrow (716) 
275-0300; Marshall (716) 235-7620; Rochester Radio Supply 
(716) 454-7800; Syracuse, Arrow (315) 652-1000; Diplomat 
(315) 652-5000; Marshall (607) 754-1570. 


NORTH CAROLINA: Arrow (919) 876-3132, (919) 
725-8711; Kierulff (919) 872-8410. 


OHIO: Cincinnati, Graham (513) 772-1661; Hall-Mark (513) 
563-5980; Cleveland, Arrow (216) 248-3990; Hall-Mark (216) 
349-4632; Kierulff (216) 587-6558, Columbus, Hall-Mark 
(614) 891-4555, Dayton, Arrow (513) 435-5563; ESCO (513) 
226-1133; Marshall (513) 236-8088. 


OKLAHOMA: Arrow (918) 665-7700; Hall-Mark (918) 
665-3200; Kierulff (918) 252-7537. 


OREGON: Arrow (503) 684-7690, Kierulff (503) 641-9150; 
Wyle (503) 640-6000. 


PENNSYLVANIA: Arrow (412) 856-7000, (215) 928-1800, 
General Radio (215) 922-7037. 


TEXAS: Austin, Arrow (512) 835-4180; Hall-Mark ($12) 
258-8848, Kierulff (512) 835-2090; Dallas, Arrow (214) 
386-7500, Hall-Mark (214) 341-1147; International Elec- 
tronics (214) 233-9323; Kierulff (214) 343-2400, Wyle, (214) 
235-9953; El Paso, International Electronics (915) 598-3406; 
Houston, Arrow (713) 530-4700; Hall-Mark (713) 781-6100, 
Harrison Equipment (713) 879-2600, Kierulff (713) 530-7030. 


UTAH: Diplomat (801) 486-4134; Kierulff (801) 973-6913; 
Wyle (801) 974-9953. 


VIRGINIA: Arrow (804) 282-0413, 


WASHINGTON: Arrow (206) 643-4800; Kierulff (206) 
575-4420; Wyle (206) 453-8300. 


WISCONSIN: Arrow (414) 764-6600; Hall-Mark (414) 
761-3000; Kierulff (414) 784-8160. 


CANADA: Calgary, Future (403) 486-0974; Varah (403) 
230-1235, Hamilton, Varah (416) 561-9311; Montreal, 
CESCO (514) 735-5511; Fucure (514) 694-7710; ITT 
Components (514) 735-1177; Ottawa, CESCO (613) 
226-6903; Future (613) 820-8313; ITT Components (613) 
226-7406; Varah (613) 592-4728; Quebec City, CESCO (418) 
687-4231; Toronto, CESCO (416) 661-0220; Future (416) 
663-5563; ITT Components (416) 630-7971; Vancouver, 
Future (604) 438-5545; Varah (604) 873-3211; ITT Compo- 
nents (604) 270-7805; Winnipeg, Varah (204) 633-6190. BF 





| TEXAS 
INSTRUMENTS 


F ; Creating useful products 
Printed in U.S.A. and services for you. SDADOO3 


